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Technical Field 

This is a continuation-in-part of U.S. patent 
application, Serial No. 693,951, filed January 23, 1985. 

The present inuention relates to novel organic 
compounds which inhibit renin, processes for making such 
compound, synthetic intermediates employed in these 
processes and method of treating hypertension with such 
compounds . 

Background Art 

Renin is a proteolytic enzyme synthesized and . 
stored principally in a specific part of the kidney 
called the juxtaglomerular apparatus. Any of three 
different physiologic circumstances may cause the 
release of renin into the circulation: (a) a decrease in 
the blood pressure entering or within the kidney itself; 
(b) a decrease in the blood volume in the body; or (c) a 
fall in the concentration of sodium in the distal 
tubules of the kidney. 

When renin is released into the blood from the 
kidney, the renin-angiotensin system is activated, 
leading to vasoconstriction and conservation of sodium, 
both of which result in increased blood pressure. The 
renin acts on a circulating protein, angiotensinogen , to 
cleave out a fragment called angiotensin I (AI). AI 
itself has only slight pharmacologic activity but, after 
additional cleavage by a second enzyme, angiotensin 
converting enzyme (ACE), forms the potent molecule 
angiotensin II (All). The major pharmacological effects 
of All are vasoconstriction and stimulation of the 
adrenal cortex to release aldosterone, a hormone which 
causes sodium retention. All is cleaved by an 
aminopeptidase to form angiotensin III (AIII), which, 
compared to All, is a less potent vasoconstrictor but a 
more potent inducer of aldosterone release. 
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Inhibitors of renin have been sought as agents 
for control of hypertension and as diagnostic agents for 
identification of cases of hypertension due to renin 
excess. 

With these objectives in mind, the 
renin-angio tens ion system has been modulated or 
manipulated, in the past, with ACE inhibitors. However, 
ACE acts on several substrates other than angiotensin I 
(AI), most notably the kinins which cause such 
undesirable side effects as pain, "leaky" capillaries, 
prostaglandin release and a variety of behavioral and 
neurologic effects. Further, ACE inhibition leads to 
the accumulation of AI. Although AI has much less 
vasoconstrictor activity than All, its presence may 
negate some of the hypotensive effects of the blockade 
of All synthesis , 

Inhibition of other targets in the 
renin-angiotensin system such as All with compounds such 
as saralasin can block All activity, but would leave 
unimpaired and perhaps enhance the hypertensive effects 
of AIII. 

On the other hand, there are no known side 
effects which result when renin is inhibited from acting 
on its substrate. Considerable research efforts have 
thus been carried out to develop useful inhibitors of 
renin. Past research efforts have been directed to 
renin antibodies, pepstatin, phospholipids and substrate 
analogs such as tetrapeptides and octapeptides to 
tridecapeptides . These inhibitors either demonstrate 
poor activity in inhibiting renin production or poor 
specificity for inhibiting renin only. However, Boger 
et al . have reported that s tatine-containing peptides 
possess potent and specific renin-inhibi ting activity 
( Mature , Uol . 303, p. 81, 1983). In addition, Szelke 
and co-workers have described polypeptide analogs 
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containing a non-peptide link ( (Mature , Uol. 299, p. 555, 
1982) which also cause potent renin inhibition and show 
a high specificity for this enzyme. 

Disclosure of the Inuention 

In accordance with the present inuention, there 
are renin inhibiting compounds of the formula: 




wherein R ^ is 



OH 



(A)w 




ANH .CO | 




A is hydrogen or an N-pro tec ting group; w is 0 or 1; B 
is hydrogen, hydroxy, NH, N-alkyl, loweralkyl or 
arylalkyl; with the proviso that when w is 1, B is NH 
and when w is O, B is hydrogen, hydroxy, loweralkyl or 
arylalkyl; is loweralkyl or lipophilic or aromatic 
or hydrophilic amino acid side chains; m is 1-3; n is 
1-3; p is 1-3; q is 1-3; s is 1-3; t is 0-2; R^ is 
hydrogen or loweralkyl; R 3 and R^ are independently 
selected from loweralkyl, lipophilic or aromatic amino 
acid side chains; R^ and .are independently 
selected from hydrogen or loweralkyl; and R fi is 
hydrogen, loweralkyl, vinyl, arylalkyl or ^j^*8 

wherein R Q is hydrogen or loweralkyl, X it> u, NH or S 



8 

and Rg is hydrogen. 



loweralkyl or alkanoyl or XR 



together can be loweralky lsulf ony 1 , 



N 3 or CI 
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The chiral centers of the compounds of the 
invention may have either the or "S" configuration 

but preferably have an "S" configuration except where 
noted . 

The term "N-pro tecting group" as used herein 
refers to those groups intended to protect the 
N-terminus against undesirable reactions during 
synthetic procedures or to prevent the attack of 
exopeptidases on the final compounds or to increase the 
solubility of the final compounds and includes but is 
not limited to acyl, acetyl, pivaloyl, t-buty lacetyl , 
t-butyloxycarbonyl(Boc) , carbobenzy loxycarbonyl or 
benzoyl groups or an L- or D- aminoacyl residue, which 
may itself be N-protec ted similarly. 

The term "loweralky 1 11 as used herein refers to 
straight or branched chain alkyl radicals containing 
from 1 to 6 carbon atoms including but not limited to 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
sec-butyl, 2-met hy lhexy 1 . n-pentyl, 1-methylbuty 1 , 
2, 2-dimethylbutyl, 2-methylpen ty 1, 2, 2 -dime thy 1 propyl , 
n-hexyl and the like. 

The term "arylalkyl" as used herein refers to 
an unsubstituted or substituted aromatic ring appended 
to an alkyl radical including but not limited to benzyl, 
1-and 2-naphthylmethyl, halobenzyl and alkoxybenzy 1 . 

The term "alkanoyl" as used herein refers to an 
acyl radical which has appended to it an alkyl radical. 

The term "cycloalkylalkyl" as used herein 
refers to an alicyclic residue appended to an alkyl 
radical and includes but is not limited to 
cyclohexylmethyl and cyclopen tylmethy 1 . 

The term "lipophilic or aromatic amino acid 
side chains" as used herein refers to those amino acid 
side chains which have an affinity for lipids or have an 
aromatic ring and include but are not limited to 
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isobutyl, isopropyl, sec-butyl, benzyl, 
imidazole-4-yl-methyl , p-hydroxy benzyl , 1- and 
2-naph thylinethyl , and cyclohexy Imethyl . The term 
"hydrophilic amino acid side chains" as used herein 
refers to those amino acid side chains which have an 
affinity for water and include but are not limited to 
hydroxyme thy 1 , hy droxy e thyl , hydroxy propyl , 
hydroxybuty 1 , aminomethyl, aminoethyl, aminopropyl, and 
aminobutyl. General reference to amino acid side chains 
in both the description and claims herein is to be taken 
as reference to such, whether naturally occurring in 
proteins or not, and to both D- and L-f orms . 

The terms "Ala", "His", "Leu", "Phe" "Tyr* 1 , and 
"Cys" as used herein refer to alamine, histidine, 
leucine, phenylalanine, tyrosine and cysteine, 
respectively . 

The following Examples will serve to further 
illustrate pr<?paration of the novel compounds of the 
invention. 

Example 1 

4(S) -t-8utyloxycarbonylamino-5-cvc lohexy 1-3 ( R , S) - 

hydroxy- 1-pentene 

To a stirred -78°C solution of 
Boc-cy clohexy lalanine methyl ester (10.2 g, 35.8 mmol) 
in dry toluene (60 ml) was added diisobu tylaluminum 
hydride (34 ml of a 1.5 M solution in toluene). After 
30 min . , vinyl magnesium bromide (108 ml of 1 M solution 
in tetrahydrof uran (THF)) was added. After stirring for 
15 hours at 0°C, the mixture was carefully quenched with 
methanol, treated with Rochelle salts (22 ml of 
saturated aqueous solution in 140 ml H^O), and 
filtered. After extracting the solids 5 times with 
ethyl acetate, the extracts and filtrate were combined 
and the organic phase was washed with brine, dried, 
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filtered and euaporated to an oil (10.2 g) . 
Chromatography on silica gel eluting with hexane/ethyl 
acetate mixtures provided 6.1 g (60%) of the desired 
product . 

final, calcd. for C 16 H 2 g N0 3 * 1 /4H 2 ° : c - 
66.8; H, 10.3; N, 4.9. Found: C,66.9; H , 10.2; N, 4.7. 

Example 2 

4(S)-Cyclohexy lmethy 1-5 ( R , S)-vinvl-2-oxazolidinone 

The resultant product of Example 1 (2.80 g, 
9.88 mrnol) in dry dimethy If ormamide (DMF) (50 ml) was 
added to a stirred suspension of NaH (593 mg of a 60% 
dispersion in oil, 14.8 mrnol, hexane washed) in dry DMF 
(50 ml). After 3 hours, the mixture was quenched (750 
ml water + 100 ml brine) and extracted with ether (5 x 
100 ml). The combined organic phase was washed with 
brine (3 x 50 ml), dried (MgS0 4 ) , filtered and 
euaporated to an oil (2.23 g) . The NMR spectrum of the 
crude product revealed an 82:18 mixture of 5 S : 5 R 
diastereomers . Silica gel chromatography gaue 80% 
recovery of pure diastereomers. 5 S: 

Anal, calcd. for c 12 H i9 N0 2 : C ' 68 9; H - 
9.1; N, 6.7. Found: C, 68.4; H, 9.2; 6.5. Mass 

spectrum: (M+l) + = 210, 5 R: Mass spectrum: (M+l)* 
-210. 

Example 3 

( 3S , 4S)-3-Hydroxy-4-amino-5-c v c lo hex v 1- 1 -pent ene 

To the resultant 5S-dias teriomer from Example 2 
(2.06 g, 9.84 mrnol) in dioxane (180 mL) and water (120 
rnL) was added barium hydroxide octahydrate (6.24 g, 19.8 
mrnol). The mixture was refluxed for 18 hours, cooled, 
filtered, concentrated, taken up in water and extracted 
with ethyl acetate which was dried over Na o S0- and 
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evaporated to afford 1.64 g (91%) of the desired 
product, m.p. 59-61°C. 

final, calcd. for C^NO: C. 72.08; H. 
11.55; N. 7.64. Found:. C. 71.67; H. 11.68; N. .7.36. 

Example 4 

f3S /ig^_T-H_ ¥ rirox v-4-tert-b utoxvcarbonylamino- 
A ' — I gry^"rinhflx yT-l-penten e, 

To the resultant compound from Example 3 (1.62 
g 8.84 mmol) in methylene chloride (20 mL) was added 
di-tert-butyldicarbonate (1.93 g, 8.84 mmol). The 
mixture was stirred for 14 hours, diluted with ethyl 
acetate, washed sequentially with 0.5 M HjPO^ 
saturated NaHCO, solution and brine, then dried over 
N a 2 S0 4 and evaporated to afford 2.51 g (100%) of the 
desired compound. 

E xample 5 
f3S 4S)-3-tert-BjrL!adirnetJi^ 

To the resultant compound from Example 4 (0.264 
g O 932 mmol) in DMF (4 mL) was added 
tert-butyldimethylsilyl chloride (0.300 g, 1.99 mmol) 
and imidazole (0.269 g, 3.95 mmol). The mixture was 
stirred at room temperature for 12 hours, poured into 
ethyl acetate and washed sequentially with 0.5 M 
H PO saturated NaHCOj solution and brine, then 
dried over Na S0 4 and evaporated to afford 0.355 g + 
(96%) of the desired compound. Mass spectrum: (M+H) 
« 398 . 

E xample 6 

ORq 3R /ic\-^-f 0 rt--Butvld -i"»»n^ v 1 <-n.vloxv-4- 
» ^^hM^ ^^-c v c lohex^lJ^LO^ane 

The resultant compound from Example 5 (0.355 g, 
0 893 mrnol) in methylene chloride (8 mL) was treated 
with m-chloroperbenzoic acid (0.758 g. 3.51 mmol) and 
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stirrecl at ambient temperature for 14 hours. The 
mixture was concentrated, dissolved in ethyl acetate, 
washed sequentially with cold 10% aqueous Na^SO^ 
solution, saturated IMaHC0 3 solution and brine, and 
then dried oyer IMa^SO^ and evaporated to afford 
0.374 g (100%) of the desired compound. Mass spectrum: 
(M+H)* - 404. 

Example 7 

(2RS, 3R, 4S )-3-Hydroxy-4- tert-butoxy car bony lamino- 
5-c yclohexvl-1 , 2-oxopentane 

The resultant compound from Example 6 (2.10 g, 
5.07 rnmol) was treated with 1 M tetrabu ty lammonium 
fluoride in te trahy drof uran ( lO ml). The mixture was 
stirred at 0°C for 1 hour, poured into ethyl acetate, 
washed with water and brine, then dried over Na2S0^ 
and evaporated. Chromatography on silica gel (0.5% 
methanol in chloroform) afforded 1.13 g (74%) of the 
desired compound. Mass spectrum: (M+H)* = 300. 

Example 8 

(2S, 3R, 4S)-l-flzido-2 , 3-dihvdrox v-^-tert- 
butoxycarbon ylamino-5-c yclohexylpentane 

The resultant compound from Example 7 (1.12 g, 
3.74 rnmol), ammonium chloride (0.374 g, 6.98 rnmol) and 
sodium azide (0.580 g, 8.92 rnmol) were refluxed in 
methanol (25 mL) for 12 hours. The mixture was 
concentrated, then taken up in ethyl acetate, washed 
with water and brine, dried over Na 2 S0^ and 
evaporated. Chromatography on silica gel (20% ether in 
hexane) afforded 0.461 g (36%) of the desired compound 
followed by 0.323 g (25%) of the 4-R isomer. 
4S-Dias teriomer : m.p. 93-94°C. 4R-Dias teriorner : mass 
spectrum: (M+H) » 343. 
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Example -9 

(2S 3 R . 4S)-l-flniino-2 , 3-dihvdroxy-4-ter t- 
hu t'o^vcarhony/lamino- S-cvclohexylpentane 

The resultant compound from Example 8 < 107 mg , 
0.313 mmol) and 10% palladium on carbon (HO mg) in 
methanol (10 mL) were stirred under a hydrogen 
atmosphere for 18 hours. The mixture was filtered and 
evaporated to afford 94.6 mg (96%) of the desired 
compound. Mass spectrum: (M+H) = 317. 

E xample 10 

(2S 3R 4S) -l-( 3-Methvlbut vlcarbonvlamino)- 
2 S^ihVd1^oxv-4-tert-butvloxvc arbontflamano- 

~" ' 5-c vclohexvloentane 

To the resultant compound from Example 9 (94.6 
mg. 0.299 mmol) in methylene chloride (5 mL) at 0»C was 
added 4-methylpentanoyl chloride (52 ul , 0.37 mmol) and 
triethylamine (71 ul, 0.51 mmol). The mixture was 
stirred at 0°C for 90 min. diluted with ethyl acetate, 
washed sequentially with 0.5 M H 3 P0 4 solution. 2 M 
NaOH solution and brine, and then dried oyer Na 2 S0 4 
and evaporated to afford 0.118 g (95%) of the desired 
compound, m.p. 179-183°C. 

Exact mass calcd. for C 22 H 43 N 2°5 : 
415.3172. Found: 415.3166. 

Example 11 

f2S 3R aq^-i- /Tsobutvlsulfonvlami n o)-2.3-dihydroxy- 
1 ^^' r f-Ltoxvcarhonwlamino- ^-^ V^^hPxvipentane 

Using the procedure of Example 10 and 
isobutylsulfonyl chloride rather than 4-methylpentanoyl 
chloride gaue the desired compound. Mass spectrum: 
(M+H) + = 437. 

Example 12 

Roc-Phe-d,l-3-ovrazol y1alanine Methyl Ester 
To dl-3-pyrazolylalanine methyl ester 
dihydrochloride (2.05 g, 8.5 mmol) in DMF (10 mL) at 
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-10°C was added Boc-Phe N-hydroxy succinimide ester (2. SO 
g, 6.90 mmol) and N-methylmorpholine (2.8 mL, 25 mmol) . 
The mixture was stirred at -10°C for 1 hour and then at 
25°C for 12 hours. The mixture was partitioned between 
ethyl acetate and saturated NaHCO^ solution, and 
extracted with ethyl acetate which was washed with 
water, dried ouer Na 2 S0^ and evaporated to afford 
2.75 g (95%) of the desired product. 

Anal, calcd. for c 2 i H 28 N 4 0 5 °- 2? ' H 2 0: 
C, 59.92; H, 6.82; N, 13.31. Found: C, 59.82; H, 6.75; 
N, 13.13. 

Example 13 

Boc-Phe-d , 1-3-py razoly lalanine 

Boc-Phe-dl-3-pyrazolylalanine methyl ester 
(0.210 g, 0.505 mmol) in dioxane (1.5 mL) and water (1.0 
mL) was treated with lithium hydroxide monohydrate 
(0.0272 g, 0.648 mmol), stirred at 25°C for 30 minutes 
and quenched with 0.32 mL 2 M HC1. The mixture was 
poured into chloroform, washed with water, dried over 
Na 2 S0 4 and euaporated to afford 0.184 g (91%) of the 
desired compound . 

final, calcd. f or C 2 0 H 26 N 4°5 -0 . 25H 2 0 : 
C, 59.03; H, 6.56; IM, 13.77. Found: C, 58.66; H, 6.70; 
N, 13.65. 

Example 14 

8oc-Phe-His ftmide of (2S, 3R,4S)-1- 
( 3-Methylbuty lcarbonylamino)-2 , 3-dihydroxy- 
4-amino-5-cy clohexy lpentane 

The resultant compound from Example 10 (57.0 
mg, 0.138 mmol) was stirred in 4 M HCl/dioxane ( 1 . 5 mL) 
for 1 hour and euaporated. The residue was dissolved in 
dimethylformamide (0.9 mL) and treated with 
N-methylmorpholine (33 yl, 0.30 mmol). 
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To 8oc-Phe-His-OH (59.1 mg, 0.147 mmol) and 
1-hydroxybenzotriazole (58.0 mg, 0.429 mmol) in 
dirnethylformamide (0.8 mL) at -23<>C was added l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(EDAC, 28.7 mg. 0,150 mmol). After stirring at -23°C 
for 1 hour, the amine solution was added and the 
reaction was shirred at -23°C for 2 hours then at room 
temperature for 12 hours. The mixture was poured into 
saturated IMaHC0 3 solution and extracted with ethyl 
acetate which was washed with water and brine, then 
dried oyer Na SO and euaporated. Chromatography of 
the residue on silica gel (3% methanol in chloroform) 
afforded 21.5 mg (22%) of the desired compound, m.p. 
194-196°C. 

E xample 15 

Boc-Phe -d^_l-3^ra zn1ylalanine Amide of ( 2S , 3 R , 4S) - 

i- (TTM e thvlbutvl carbon yl atni.no) -Z , i- 

rHh, )riroxy-4-amino-5-cvcloh exylp e ntane 

Using the procedure of Example 14 and 
8oc-Phe-d,l-3-pyrazolylalanine-OH rather than 
8oc-Phe-His-0H afforded the desired compound. 

Anal, calcd. for Cj^^O,- 0 . 5H 2 0 : 
C, 62.78; H, 8.40; N. 11.87. Found: C, 62.51; H, 8.17; 
N, 11.52. 

Fxam ple 16 

Roc-Phe-His Amide of (2S , 3R , 4 S)-1- 
/To»h,^ 7T77nfonylamino)-2.3-dihyriroxv- 4-amxno-5- ■ 

cuclohexvlpentane 

Using the procedure of Example 14 with the 
resultant compound from Example 11 afforded the desired 
compound, m.p. 94-97-C. Mass spectrum: (Mt-H) =721. 

Example 17 

Rnr-Phe-His .A mide of <2S 3P -1 -A zido-2 JLs 
dihvdroxw-4-amino -5-cwclohexlpentane 

Using the procedure of Example 14 with the 
resultant compound from Example 8 afforded the desired 
compound, m.p. 158-163°C Mass spectrum: (M+H) =480. 
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Example 18 

Boc-His Amide of (2S, 3R, 4S)-l-Azido-2 , 3- 
dihydroxy-4-amino-5-cy clohexy Ipentane 

Using the procedure of Example 14 with the 
resultant compound from Example 8 and using Boc-His-OH 
rather than 8oc-Phe-Kis-0H afforded the desired 
compound. Mass spectrum: (MfH) + - 657, 

Example 19 

Boc-(Q-methvl)Tyr-His Amide of (2S. 3R . 4S)-1- 
Azido-2 t 3-dihydroxy-4-amino-5-cy clohexy Ipentane 

Using the procedure oF Example 14 with the 
resultant compound from Example 18 and using 
8oc-(0-methyl)Tyr-0H rather than 8oc-Phe-His-0H afforded 
the desired compound, m.p. 171-173°C. Mass spectrum: 
(M+H) + = 561 . 

E xample 20 

Boc-Phe-flla-OH Amide of ( 2S , 3 R , 4S ) - l-Azido- 
2 , 3-di hydroxy-4-amino-5-c y c lohexy Ipentane 

The resultant compound from Example 8 (53.0 mg , 
0.155 mmol) was stirred in 4 M HCl/dioxane for 1 hour 
and evaporated. The residue was taken up in tetra- 
hydrofuran (3 ml_), treated with IM-methylmor pholine (18 
p 1 , 0.16 mmol) and cooled to 0°C . 

To Boc-Phe-Ala-OH (58.0 mg , 0.172 mmol) in 
tetrahydroFuran (2 ml) at -12°C was added 
N-methylmorpholine (19 pi, 0.17 mmol) followed by 
isobutylchlorof ormate (22 yl, 0.17 mmol). After 3 
minutes the amine solution was added and the mixture was 
stirred for 15 minutes at -12°C and 2 hours at room 
temperature. The mixture was diluted with ethyl acetate 
and washed sequentially with 0.5 M H^PO^, saturated 
NaHCO solution and brine, then dried ouer Na SO 
and evaporated. Chromatography of the residue on silica 
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gel (3% methanol in chloroform) afforded 86.8 mg (100%) 
of the desired compound. Mass spectrum: (M+H) =561. 

Example 21 

a(S)-Cvclohexvlmethvl-5<m-i:i(R. S) , 2-oxoethvl3- 

2-oxazolidinone 

To a stirred solution of the 5(R) diastereomer 
of Example 2 (0.40 g, 1.9 mmol) in dichloromethane (13 
ml) was added 3-chloroperoxybenzoic acid (500 M%) . 
After 5 days, the mixture was diluted with ether and 
washed with 1 M Na 2 S0 3 , saturated K 2 C0 3 and 
brine. Drying and evaporation provided the desired 
product (0.34 g. 80%). Mass spectrum: M = 225. 

E xample 22 

4(S)-Cvclohexulmethvl-5(R)-Cl(R.S)-hydroxy - 
2-Tisopropvlmercapto)ethv l1-2-oxazolidxnone 

To a stirred solution of the resultant product 
of Example 21 (0.3 1 g, 1.38 mmol) in methanol were added 
triethylamine (0.19 ml) and isopropyl mercaptan (105 
mg). The mixture was heated at 50-60°C overnight, 
evaporated and chromatographed on silica gel eluting 
with ethyl acetate/hexane mixtures to give the 1(R) 
isomer (110 mg, 27%), the 1(S) isomer (70 mg, 17%) and 
mixed fractions (110 mg , 27%). 

Mass spectrum of 1(R) isomer: M '-.301. 

Mass spectrum of 1(S) isomer: M = 301. 

Example 23 

g(S^-Amino-5-cvcl Q h e xvlmethvl-2(R.S) , 3 ( R) -din y droxy- 
1-isopropvlmercaptopentane 

The KR.S) mixture of Example 22 (100 mg , 0.33 
mmol) and Ba(OH) 2 '8 H 2 0 (209 mg. 0.66 mmol) were 
refluxed in 1/1. dioxane/water (8 ml, degassed) for 7 
hours. The mixture was then diluted with dioxane. 
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filtered, evaporated, dissolved in dichloromethane . 
filtered and evaporated. Silica gel chromatography 
provided 86 mg (96%) of the desired product. 

Example 24 

Boc-Phe-H is Amide of 4(S)-amino-5-c y clohexvlmethy 1- 
2( R) , 3 ( R)-dihvdroxy-l-isopropylmercaptopen tane 
and Boc-Phe-His Amide of 4(S)-amino-5- 
_cj/_clghexyl methyl-2(S) . 3 (R)-d i hyd roxy-!- 
isopropylmercaptopentane 

The Boc-Phe-His coupling procedure of Example 
14 was used, except the amine hydrochloride and 
N-methy lmorpholine were replaced with the resultant 
product oF Example 23, and EDAC was replaced with 
1 , 3-dicyclohexy lcarbodiimide (DDC) . Separation was 
achieved on silica gel (9/1, CH 2 C1 2 /CH 3 0H) to give 
20% yield of the desired compounds. 

Anal, calcd. for 2(R) isomer 

(C 34 H 53 N 5°6 S - 3/4H 2 0) : C ' 60 1 '> H - 8 2 ' N < 

10.4. Found: C, 60,8; H , 8.2; N, 9.8. FAB mass 

spectrum: (M+l) + = 660. 

Anal, calcd. for 2(S) isomer 

(C 34 H 53 N 5 ° 6 S -1/2H 2 0) : C, 61.0; H, 8.1; 

10.4. Found: C, 60.9; H, '8.3; N, 10.0 FAB mass 

spectrum: (M+l) + = 660. 

Example 25 

Boc-Phe-His Amide of 4(S)-amino-5-cyclohexylmethvl- 
2(R) t 3 (R)- dihydroxy-l-(isopropylsulf onvDpentane 

A solution of the 2(R) isomer from Example 24 
(10 mg, 0.015 mmol) in dichloromethane was treated with 
3-chloroperoxybenzoic acid (5.2 mg, 200 M%) for 3 
hours. The desired compound was isolated in 92% yield 
after silica gel chromatography (9/1, 

dichlorome thane/me thanol) . FAB mass spectrum: (M+i)"*" 
= 692. 
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Example 2 6 

4(S)-Cy clo hex vlmethvl-5( R)-C 1 ( R , S^ hvdr oxy-^- 
risopropylox y )ethvn-2-Qxazolidinone 

A solution of the resultant product of Example 
21 (0.22 g, 1.0 mmol) in d ime thy IF onnamide (DMF, 1.0 ml) 
was added to a stirred solution of sodium isopropoxide 
(2.0 mmol) in DMF (9.0 mL). . After warming for 24 hours, 
the mixture was euaporated and then partitioned between 
1 M HC1 and ethyl acetate. The organic phase was washed 
aq. IMaHC0 3 and brine. Drying and evaporating gaue the 
desired alcohols in 62% yield. 

Example 2 7 

Boc-Phe-Hi s Amide of 4 ( S ) -Amino-5-c v clohex ylme thy 1 - 

2( R) , 3 (R) -dihy d roxv-l-isopropyloxypen t ane and 
Boc-Phe-His Amide of 4 (S) -Amino-5-c yclohex ylmethyl- 
2(S) , 3~( RJ-dihydroxy-l-isopropyloxypentane 

The 1(R,S) mixture of Example 26 was hydrolyzed 
according to the procedure of Example 23 to give the 
desired amines which were coupled to Boc-Phe-His 
according to the procedure of Example 24. Separation 
was achieved on silica gel (2/1, CH 2 C1 2 /CH 3 0H) to 
giue 22% yield of the desired compounds. 

Example 28 

Ethoxycarbonyl-Leu-Leu Amide of 4 (S) -Amino-5- 
cvclohexvl- 3(R . S )-hydroxv-l-pentene 

The resultant product of Example 1 (1.05 g, 
3.70 mmol) was dissolved in anhydrous 2.2 M HCl/CH^OH 
(70 ml). Evaporation after 16 hours gaue the 
corresponding amine hydrochloride. 

To a stirred -13°C solution of 
ethoxycarbonyl-L<?u-Leu~0H (1.17 g , . 3 . 70 mmol) in 
anhydrous te trahy drof uran (37 mL) were added 
N-methylmorpholine (NMM, 0.41 mL) and isobutyl 
chlorof orrnate (0.50 g). After 3 minutes, a -13°C THF 
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solution of NMM (0.41 mL) and the aboue amine 
hydrochloride were added. The mixture was warmed to 
room temperature for 6 hours and then partitioned 
between ethyl acetate (60 mL) and 1 M H 3 P0 4 (15 
mL) . The organic phase was washed with water, aq . 
IMaHCOg and brine. Drying and euaporating provided 
1.76 g (99%) of the desired product. Mass spectrum; 
= 481 . 

Anal, calcd. for C^H.-N.O.- : C, 64.8; 
H, 9.8; N, 8.7. Found: C, 64.6; H, 10.1; N, 8.5 

Example 29 

Ethoxycarbonyl-Leu-Leu Amide of 4 (S)-amino-S- 
cyclohexyl-3(R, S) -hydroxy- 1 , 2 ( R ,S)-oxopentane 

To a stirred solution of the product of Example 
28 (350 mg, 0.727 mmol) in dichlorome thane (12 mL) was 
added 3-chloroperoxy benzoic acid. After 48 hours, the 
solution was partitioned between ether (28 mL) and 1 M 
IMa^SO^ (3 mL) . The layers were separated, and the 
organic phase was washed with 1 M IMa^SO^ , water, 
saturated IMaHC0 3 and brine. Drying (Na 2 S0^) and 
euaporating provided 0.341 g of the hydroxy epoxide 
mixture which was used without further purification. 

Example 30 

Ethoxycarbonyl-Leu-Leu Amide of 4(S)-Amino-l- 
chloro-5-cy clohexy 1-2 (R,S),3(R,S)-di hydroxy pentane 

To 200 mg (0.402 mmol) of the resultant product 
of Example 29 was added 4 M HC1 in anhydrous dioxane (5 
ml). After 1 hour, the homogeneous solution was 
euaporated in uacuo . Chromatography prouided the diols 
in a combined 60% yield. 

Example 31 

Boc-Phe-Ala Amide (4-amino) of (2S , 3 R , 4S)-1 , 4- 
Diamino-2 , 3-dihydroxy-5-c y clohexy lpentane 

A solution of the resultant compound of Example 
20 (59.3 mg, 0.106 mmol) in methanol (4 ml) was 
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hydrogenated at atmospheric pressure (10% Pd/C) for 16 
hours. Filtration and evaporation provided 49 mg (87%) 
oF the desired compound. Mass spectrum: (M+H) - 535. 

Example 32 

Etho>L^carb^Ld = eu^ eu Amide of i 2RS , 3 RS . 4S ) -Amino- 
"" 5-cvciohexvl-l , 2 ■ 3-trihyd roxvoentane 

To a stirred solution oF the resultant compound 
oF Example 28 (200 mg , 0.415 mmol) , N-methy lmorpholine 
l\l-oxide (112 mg) , and OsO^ (0.13 ml oF a 2.5 w/u % 
solution in t-butanol) in THF (10 ml) was added water (1 
ml). AFter 16 hours, brine was added, and the mixture 
was extracted exhaustively with ether. The combined 
organic phase was washed sequentially with 10% aq . 
Na 2 S0 3 . 1 M H 3 P0 4 , and brine. The solution was 
dried (Na 2 S0 4 ) . Filtered, and evaporated to give 205 
mg (96%) oF the desired product as a glassy solid. Mass 
spectrum (M+H) + = 516. 

E xample 33 

2 ( s ) -t-Butvloxv car bonv lamino- l-cvclohexyl- 
3 CR ,S)-hvdroxv-6-methvl -4-heptyne 

To a -78°C solution oF n-butyl lithium (51.2 ml 
oF a 0.91 M solution in hexane) was added 3-methy lbutyne 
(3.52 g, 51.8 mmol) over the course oF 30 seconds. 
Anhydrous THF (10 ml) was added, and the cold bath was 
removed For 30 minutes. AFter cooling the reaction 
mixture back to -78°C, Boc-cy c lohexy lalaninal [prepared 
by Swern oxidation (Mancuso, A.J.; Huang, S . -L . ; and 
Swern. D . J. Pro. Chem. 1978, 43, 2480) oF 5.3 g, 20.7 
mmol of Boc-cyclohexylalaninol] in dry THF (5 ml) was 
added over 5 minutes. AFter 1 hour the reaction was 
quenched by addition oF NH 4 C1 (4.01 g, 75 mmol) in 
water (30 ml). The resulting mixture was partitioned 
between ether (50 ml) and water (30 ml), the organic 
phase was washed with water (15 ml), saturated NaHC0 3 , 
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and brine. Drying and evaporating provided an oil which 
was chromatographed on SiO^ (ethyl aceta te/hexane , 
15/85) to give 4.52 g (68%) of the desired product as a 
2:1 mixture of hydroxy dias tereomers . Mass spectrum: 
(M+H) + - 323 . 

Anal, calcd. for C 19 H 33 N0 3 : C, 70.5; H, 
10.3; N, 4.3. Found: C, 70.1; H, 10.6; N, 4.3. 

Example 34 

2(S)-.t-Butyloxy car bony lamino—l-cyc lohexyl- 
~~ 3 ( R , S) -hydroxy -6-me thy 1-3 (Z) -hep tene 

The resultant product of Example 4 (0.510 g, 
1.70 mmol) and quinoline (0.425 ml) in ethyl acetate (20 
ml) were hydrogenated over 10% Pd/BaS0^ (31.8 mg) for 
5 hours. The mixture was filtered, the catalyst was 
washed with ethyl acetate, and the combined organic 
phase was washed sequentially with 1 M HC1 (10 ml, 0°C) , 
water (10 ml), saturated MaHCOj, and brine (10 ml). 
Drying (Na^SO^) and evaporating in vacuo provided 
0.510 g (99%) of the desired product. Mass spectrum: 
(M+H) + - 325. 

Anal, calcd. for C ig H 35 W0 3 : C, 70.1; H, 
10.8; N, 4.3. Found: C, 70.3; H, 11.2; N, 4.3. 

Example 35 

2(S)-t-Butyloxy car bony lamino-l-cy clo hex y 1-6- 
me thy 1-3 , 4, 5-trihydroxyheptan e 

Following the procedure of Example 32, but 
replacing the resultant product of Example 28 with the 
resultant compound of Example 34 and increasing the 
temperature to reflux and the time to 10 days, gave the 
desired product as a mixture of 4 dias tereomer s . 
Chromatography on silica gel provided 3 of them pure 
eluting in the order shown. Isomer ft: mp : 178-179°C; 
Mass spectrum: = 359. 
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Anal, calcd. for C^H^NC^: C. 63.5; H. 
10.4; N, 3.9. Found: C. 63.4; H, 10.1; N, 3.8. Isomer 
B: mp 148-149°C; Mass spectrum: M - 359; Found: C, 
63.3; 10.2; N, 3.8. Isomer C: mp 151-152°C; Mass 
spectrum: M + = 359; Found: 63.5; 10.1; N, 3.8. 

Example 36 

E t h ox vcarbonvl-Phe-L °" Ami dg of 2 (S ) -Amino- 1- 
7 ^T"rnheTvl-6-methvl-3 f 4 r 5-tri-hv drox yheptane ;, 
Isomers ft. B, and C 

Following the procedure of Example 20, but 
replacing Boc-Phe-Ala with ethoxy carbonyl-Phe-Leu and 
systematically replacing the resultant compound of 
Example 8 with isomers A, B , and C from Example 35, gaue 
the desired products. 

Isomer A: Mass spectrum: (M-t-H) = 592. 
Anal, calcd. for 03^53^: C, 65.0; H, 9.0; 
IM. 7.1. Found: C, 65.0; H, 8.9; N. 6.9. Isomer B: 
Mass spectrum: (M+H) * = 592. Isomer C: Mass spectrum: 
(M+H) + =- 592. Found: C, 65.2; H, 9.1; N, 7.0. 

Example 3 7 

(4S)-2,8-Dimethvl-4-r ( tolue nesulf onvl ) amlnol- 

5-nonanone 

To a stirred -78°C solution of Ts-Leu (15 g, 53 
mmol) in dry THF (240 ml) was added n-butyl lithium 
(57.8 ml of a 0.91 M solution in hexane) followed 15 
minutes later by isopentyl magnesium bromide (185 ml of 
a 0.8 M solution in THF). The mixture was heated at 
reflux for 3 days, then cooled and poured into 0°C 1 M 
HC1 (500 ml). The layers were separated and the aqueous 
phase was extracted with ether (3 x 150 ml). The 
combined organic layers were washed with saturated 
NaHCO (2 x 150 ml) and brine (150 ml). Drying and 
euaporating provided a residue which was chromatographed 
on silica gel to give 7.43 g (41%) of the desired 
product. Mass spectrum: (M+H) = 340. 
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Anal, calcd. for c ia H 2 g N0 3 S: c < 63.7; H, 
8.6, N, 4.1. Found: C, 64.0; H, 8.6; N, 4.1. 

Example 38 

(4S)-2, 8-Dimethyl-5-hydroxy-4-[ (toluene sulf on vl) - 
amino]~5-uinylnonane 

To a stirred 0°C solution of the resultant 
compound of Example 37 (79 mg , 0.23 rnrnol) in dry THF (8 
ml) was added uinyl magnesium bromide (1.5 ml of a 1.0 M 
solution in THF) dropwise. The mixture was warmed (room 
temperature, 10 hours), quenched (8 ml H 2 0 + 2 ml 
brine), acidified with 0.1 M H 3 P0 4 (pH =. 7), and 
extracted with ether (3x4 ml). The combined ether 
phase was washed (4 ml brine), dried (Na^SO^) , 
filtered, and evaporated to give 81 mg (95%) of the 
desired product as a 4:1 mixture of dias tereomer s . 

Example 39 

Boc-Phe-Ala Amide of (4S)-ftmino-2, 8- 
dimethyl-5-hydroxy-5-uinylnonane , Isomer ft 

To a solution of the resultant compound of 
Example 38 (400 mg , 1.09 mmol) in liquid ammonia (80 ml) 
was added sodium (150 mg , 6.5 mmol). After 6 hours the 
ammonia was allowed to slowly euaporate under a stream 
of nitrogen. Benzene (50 ml) and 1:1, ethanol : water (20 
ml) were added with stirring. The layers were 
separated, and the aqueous phase was extracted with 
ether. The combined organic phase was dried 
(Ma 2 S0^), filtered, and evaporated to give 85 mg 
(37%) of the desired product. 

Following the procedure of Example 20, but 
replacing the amine hydrochloride and IM-methy lmorpholine 
with the above resultant product, gave the desired major 
dias tereomer in 35% yield after chromatography. FAB 
mass spectrum: (M+K)* = 570, 

Anal, calcd. for c 3C) H 4g N 3 0 5 : % C, 
67.8; H, 9.3; N, 7.9. Found: C, 67.7; H, 9.6; N, 7.3. 
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Example 40 

EW-P he-Ala Amide of ( 4S) -A mino-2 , 8-dimeth y 1-5- 
hydroxy-S-uinylnonane f Isomer B 

Scale up of the procedure of Example 38 led to 
the isolation of the minor diastereomer pure after 
chromatography. Treatment as in Example" 39 provided the 
desired isomer of the resultant product of Example 39. 

Example 41 

Boc-Phe-flla Amide of 4(S) - Amino-3-isopentyl-6- 
methvl-1 , 2, 3~tri h ydrox yhe ptane , Isomer A 

Following the procedure of Example 32, but 
replacing the resultant compound of Example 28 with the 
resultant compound of Example 39 gave the desired 
product . 

E xample 42 

Boc-Phe-Ala Amide of -4(S) -Amino- 3-isopentvl-6- 
methvl-l,2,3-trihydroxvheptane, Isome r B 

Following the procedure of Example 32, but 
replacing the resultant compound of Example 28 with the 
resultant compound of Example 40, gave the desired 
diastereomer of the resultant product of Example 41. 

Example 43 

Fthox ycarbonv/l-Phe-Leu Amide of 2 (S) -Ami no- l- 
~ ~cvclohexyl-6-methvl-3 .4, 5-trihvdroxyhep tane t 
Isomers D, E, F, and G 

Following the Na/NH ^ reduction procedure of 
Example 39, but replacing the resultant compound of 
Example 38 with the resultant product of Example 33 gave 
the corresponding 3(E)-heptene isomer of the resultant 
compound of Example 34 which was oxidized according to 
the procedure of Example 35. In this way the four 
iomeric 2 (S)-t-butyloxy carbony 1-amino-l-cy clohexy 1- 
6-methyl-3,4, 5- trihy droxyheptanes were isolated. 
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separated, and converted to the desired products 
according to the procedure of Example 36. 

Example 44 

2 (S)-t-Bu tylox y car bony lami no- l~cy clohexy lbut- 3 -en e 

A 0°C solution of potassium hexamethyl- 
disilazide (22.9 mrnol in 115 ml of 5:1, t etrahydrof uran 
(THF): dimethyl sulfoxide (DMSO) was added dropwise to 
tripheny lmethy lphosphonium iodide (24.81 mrnol). After 
stirring at 0°C for 1 hour, the solution was cooled to 
-78°C and a solution of Boc-cy clohexy lalaninal [4 . 90 g, 
19.08 mrnol, prepared by Swern oxidation (Mancuso, A.J.; 
Huang,, S.-L.; and Swern, D., J. Org. Chern , 1978, 43, 
2480) of Boc-cyclohexylalaninol] in dry THF (95 ml) was 
added. After stirring at -78°C for 1 hour, the mixture 
was allowed to warm to room temperature. The reaction 
mixture was quenched with aqueous ammonium chloride and 
extracted with ether (2x300 ml) . The combined organic 
phase was washed with 10% HC1 (200 ml), saturated 
NaHS0 3 (2x200 ml), H 2 0 (2x200 ml), saturated 
NaHC0 3 (2x200 ml), and brine (200 ml), dried 
(MgSO^) , filtered, and evaporated. The residue was 
purified by chromatography (40 urn Si0 2 ; ether : hexane , 
15:85) to give the desired compound in 60% yield. Mass 
spectrum: (M+H) + = 254. 

Example 45 

Boc-Phe-Ala Amide of ( 2S) -Amino- 1-cy clohexy 1 but -3-ene 

The resultant compound of Example 44 (310 mg , 
1.22 mrnol) was dissolved in 1 M anhydrous HC1 in 
anhydrous methanol (35 ml). After 22 hours, the solvent 
was evaporated to give 230 mg (99%) of the corresponding 
amine hydrochloride which was used without further 
purification. 

To a stirred -13°C solution of Boc-Phe-Ala (408 
mg, 1.21 mrnol) in dry THF (8 ml) containing 
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IM-methylmorpholihe (122 mg, 1.21 mmol) was added 
isobutyl chloroformate (165 mg, 1.21 mmol) dropwise. 
After 3 minutes, a -13°C solution of the above amine 
hydrochloride (230 mg . 1.21 mmol) in 1:1, THF : DMF (4 ml) 
containing N-me thy Imor pholine (122 mg) was added 
dropwise. The mixture was warmed to room temperature 
for 2 hours. Euaporation provided a residue which was 
partitioned between ethyl acetate (30 ml) and 0.1 M 
H PO (10 ml). The organic phase was washed with 
brine (10 ml), saturated NaHC0 3 (10. ml), and brine (10 
ml). Drying, filtering, euaporating, and 
chromatographing (55 g Si0 2 ; 95:5, CH 2 C 12 :.CH 3 0H) 
gaue the desired compound (462 mg , 81%). 

E xample 46 

Boc -Phe-flla amide of 3 (S) -Amino-4-cyclohexyl- 
1 . 2 ( R , S)-di hydroxy butane 

To a stirred solution of the resultant compound 
of Example 45 (100 mg , 0.212 mmol) in THE (5 ml) were 
added 0s0 4 solution (0.065 ml of a 2.5 W/V% solution 
in t-butanol) and N-methylrnorpholine N-oxide (57 mg , 
0.424 mmol) sequentially. After 4.5 hours, brine (10' 
ml) was added, and the mixture was extracted with ether 
(4x8 ml). The combined organic phase was washed with 
10% Na 2 S0 3 (3 x 6 ml), 0.1 M H3P04 (5 ml), and brine 
(5 ml). Drying, filtering, and euaporating provided the 
desired product (97 mg . 91%). Mass spectrum: = 505. 



Example 47 

3 (S) - t-Bu tyloxy car bony lamino-4- cvclo hex y 1- 
1 .2(R,S)-dihydroxvbutane 

To a stirred solution of 2 (S) -t-butyloxy- 
carbonylamino-l-cyclohexylbut-3-ene (1.00 g, 3.95 mmol) 
in THF (20 ml) were added 0s0 4 solution (1.2 ml of a 
2.5 W/V% solution in t-butanol) and N-iuethylmorpholine 
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N-oxide (1.07 g, 7.90 mmol) . After 24 hours, the 
mixture was partitioned between ether (50 ml) and brine 
(25 ml). The layers were separated, and the organic 
phase was extracted with ether (3 x 25 ml). The 
combined organic phase was washed with 10% ^£30^ 
(4x10 ml), 1.0 M H 3 P0 4 (2x8 ml), and brine (15 ml). 
Drying and evaporating provided the desired product as 
an oil (1.14 g, 100%). 'H NMR shows a 1:1 mixture of 
diastereomers (PJH 4.43 and 4.56 ppm) . 

Example 48 

Boc-Phe-His Amides of 3 (S) -Amino-4-c y clohexy 1- 
2 ( R f S) -hydroxy- 1-t-buty Idime thy lsily loxy butane 

. The resultant compound of Example 47 (1.10 g, 
3.82 mmol) was treated with anhydrous 1M HCl/CHgOH (80 
ml) for 16 hours at which time evaporation and drying 
provided the corresponding amine hydrochloride (0.85 g, 
100%) . 

To a suspension of the above hydrochloride salt 
(344 mg , 1.54 mmol) and imidazole (105 mg) in 
dichloromethane (15 ml) were added triethy lamine (156 
mg) and t-butyldimethylsilyl chloride (232 mg) . The 
solvent was evaporated after 3 1 hours, and the residue 
was then re-dissolved in anhydrous dimethyl formamide 
(DMF, 15 ml). Boc-Phe-His (619 mg) and 

1 -hydroxy benzotriazole (HOBT, 3 12 mg) were then added . 

After cooling the stirred solution to -23°C, 

1 , 3-dicy clohexy 1-carbodiimide (DCC , 318 mg) was added . 

The mix ture was warmed to room tempera ture 3 hours 

later. After 13 hours the solvent was evaporated in 

vacuo, and the residue was dissolved in ethyl acetate 

(40 ml), filtered, washed with saturated NaHC0 3 (2x10 

ml) and brine (10 ml), and dried (Na^SO,,).' 

2 4 

Filtration and evaporation provided a residue which was 
chromatographed on silica gel eluting with 
dichloromethane/methanol mixtures to give 441 mg (42%) 
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of the desired product. Mass spectrum: (M+H) = 686. 

Anal, calcd. for C^H^N^Si : C, 
63.0; H , 8.7; N. 10.2. Found: C, 62.8; H, 9.0; N. 9.9. 

Example 49 

Boc-Phe-- H_is__A mides o f 3 (S)-flmi n o-4-c yclohexyl- 
I . 2( R)-di hydroxy butane 

To a stirred solution of the resultant product 
of Example 48 (200 mg, 0.291 inmol) in anhydrous THF (5 
ml) at 0°C was added tetrabuty lammonium fluoride (0.58 
ml of a 1 M solution in THF). The solution was warmed 
to room temperature for 4 hours and then evaporated . 
The residue was dissolved in chloroform and washed with 
water (3X) and brine (IX). Drying and evaporating 
provided a gum which was treated with hot ethyl acetate 
(8 ml). Cooling and filtration provided 25 rng of the 
desired material. Mass spectrum: (M+H) = 572. 

final. Calcd for Cg^N^ • 1 /2H 2 0 : C. 
62.1; H, 8.0; N. 12.1. Found: C, 62.4, H, 8.2; N. 12.0. 

Example 50 

(4 S)-2. 8-Dimethvl-4-^:(tolu enesulfonyl)amino]- 
"" £ " *~ 5-nonanon e 

To a stirred -78°C solution of Ts-Leu (15 g, 53 
mmol) in dry THF (240 ml) was added butyl lithium (57.8 
ml of a 0.91 M solution in hexane) followed 15 minutes 
later by isopentyl magnesium bromide (185 ml of a 0.8 M 
solution in THF). The mixture was heated at reflux for 
3 days, then cooled and poured into 0°C 1 M HC1 (500 
ml). The layers were separated and the aqueous phase 
was extracted with ether (3x150 ml). The combined 
organic layers were washed with saturated NaHCQ 3 
(2x150 ml) and brine (150 ml). Drying and evaporating 
provided a residue which was chromatographed on silica 
gel to. give 7.43 g (41%) of the desired product. Mass 
spectrum: (M+H) + = 340. 
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Anal, calcd. for C { g H 2 9 N °3 S ; C ' fi 3.7; H, 
8.6; N, 4.1. Found: C, 64.0; H , 8.6; N , 4.1. 

E xample 51 

(4S)-2 . 8-Dim ethyl- 5-hydroxy-4~[ ( toluonesulf on vl ) 
a mino] -5- vinyl no n an e 

To a s birred 0?C solution of the resultant 
compound of Example 50 (79 mg , 0.23 rnrnol) in dry THF (8 
ml) was added vinyl magnesium bromide ( 1 . 5 ml of a 1.0 M 
solution in THF) dropwise. The mixture uaas warmed (room 
temperature, 10 hours), quenched (8 ml H 2 0 + 2 ml 
brine), acidified with 0.1 M U 3 ?0^ (pH=7) , and 
extracted with ether (3 x 4 ml). The combined ether 
phase was washed (4 ml brine), dried (Na^O^), 
filtered, and evaporated to give 81 mg (95%) of the 
desired product as a 4:1 mixture of dias tereomers . 

Example 52 

Boc-Phe-Ala Amide of (4S)-Arnino-2, 8-dimethyl- 
5-hydroxy-5- vinyl nonane 

To a solution of the resultant compound of 
Example 51 (400 mg , 1.09 mmol) in liquid ammonia (80 ml) 
was added sodium (150 mg, 6.5 mmol). After 6 hours the 
ammonia was allowed to slowly evaporate under a stream 
of nitrogen. Benzene (50 ml) and 1:1, ethanol : water (20 
ml) were added with stirring. The layers were 
separated, and the aqueous phase was extracted with 
ether. The combined organic phase was dried 
(Na 2 S0 4 ) , filtered, and evaporated to give 85 mg 
(37%) of the desired product. 

Following the procedure of. Example 45, but 
replacing the amine hydrochloride and N-methy lmorpholine 
with the above resultant product, gave the desired major 
diastereomer in 35% yield after chromatography. FAB 
mass spectrum: (M+K) + = 570. 

Anal, calcd. for C 3O H 49 l\J 3 0 6 : % C, 67.8; 
H, 9.3; N, 7.9. Found: C, 67.7; H, 9.6; N, 7.3. 
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Example 53 

Rr.r-P he-ftla Amide of ( 3S)-flmino-2-hydroxy-2- 
isopentyl-5-methvlhexanal 

Following the procedure of Example 46 with the 
resultant compound of Example 52 except replacing 
N-methylrnorpholine N-oxide with aqueous NalO^ gave the 
desired compound. 

Example 54 

B o c-Phe-flla ft mide of 3 -ftmino-l , 2-dihydroxy- 
;•■ 2-isopentvl-5-methtflhexane 

Treatment of the resultant compound of Example 
53 with one equivalent of NaBH 4 in methanol provided 
the desired compound after aqueous work-up. 

Example 55 

n.r-Ph P-Ala ftmide of 3-flmino -l r 2-dihvdroxy- 
2-isopentvl-5-methvlhexane 

Scale up of the procedure of Example 51 led to 
the isolation of the minor diastereomer pure after 
chromatography. Treatment as in Examples 52, 53 and 54 
provided the desired isomer of the resultant product of 
Example 54. 

Example 56 

7f S ) -t-Butylox year bony lamin n-l-cyclohexyl- 
6-methylheot-3-ene 

To a stirred -78°C solution of 
Boc-cyclohexylalanine methyl ester (40 g. 140 mmol) in 
anhydrous toluene (250 ml) was added diisobuty laluminum 
hydride (130 MX. 1.5 M solution in toluene, 121.4 ml) at 
a rate to keep the internal temperature below -60°C . 
After stirring for an additional 20 minutes at -78<>C, 
the aldehyde solution is used immediately as described 
below. 

To a potassium hydride. (35% dispersion in oil. 
32.09 g) suspension in a 0°C mixture of anhydrous 
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THF/DMSO (1000 ml/200 ml) under dry N 2 was added 

I, 1,1,3,3,3-hexamethyldisilazane (209 M%, 49.07 g) 
dropwise. After stirring at 0°C for 1 hour, the 
resulting solution was added via cannula to a 0°C flask 
containing i s open tyltri phenyl phosphonium bromide (209 
M%, 125.66 g). The mixture was stirred vigorously for 1 
hour at which time it was cooled to -78°C. The -78°C 
aldehyde solution prepared above was then added via 
cannula. After stirring at -78°C for 15 minutes, the 
mixture was allowed to slowly warm to room temperature 
and then heated to 40°C for 12 hours. The mixture was 
then cooled to room temperature and quenched with 
methanol (7.65 ml) followed by aqueous Rochelle salts 
(100 ml saturated solution and 500 ml H 2 0) . The 
mixture was then extracted with ethyl acetate (2x). The 
combined extracts were washed with water and brine. 
Drying (MgSO^) and euaporating provided crude alkene 
which was chromatographed on silica gel (ether/hexane) 

to give 16.5 g (38%) of the desired compound as an 85:15 
mixture of cis; trans isomers. Mp=53-55°C . Mass 
spectrum: M f =309 . 

Anal, calcd. for C^H^WO^ C, 73.7; H, 

II. 4; N, 4.5. Found: C, 73.8; H , 11.4; N, 4.5. 



2 (S) -t-Butvloxvcarbonylamino-l-c yclohexy 1-3 , 4- 
dihydroxy-6-methylheptane : The 3(R)4(S), 3(S)4(S), 
3(R)4(R), and 3(S)4(R) Dias tereomers 

To a solution of the resultant compound of 
Example 56 (8.50, 27.5 mmol) in dry THF (150 ml) were 
added 0s0 4 (2.8 ml of a 2.5% solution in t-butanol and 
N-rnethylrnorpholine N-oxide (9.28 g, 68.7 mmol). After 4 
days the mixture was partitioned between ether (200 ml) 
and brine (100 ml). The aqueous layer was 
back-extracted with ether (2x100 ml), and the combined 



Example 57 
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organic phase was washed with 10% Na 2 S0 3 , 0.1 M 
H 3 P0 4' and brine ' Drying (MgSG 4 ) and evaporating 
provided a residue (10.81 g) which was chromatographed 
on silica gel to elute a 60% yield of the 4 diols in the 
following order. 

3(R) ,4(S) Mass spectrum: (M+H) + = 344. 
calcd. for C^H^NO^ C, 66.4; H, 10.9; N , 



Anal 
4. 1 . 



calcd 
Found 



Found: C, 66.4; H, 10.8; 
3 (S) , 4(S) Mass spectrum: 
for C ig H 3? N0 4 : C, 66.4; H, 
C, 66.4; H , 11.1; 4.0. 
3 ( R) . 4( R) Mass spectrum: 
3 (S) , 4(R) Mass spectrum: 
calcd. for C ig H 3? N0 4 : C, 66.4; H, 
Found: C, 66.0; H , 10.7; N , 4.0. 

Example 58 



3.9. 

10.9; N t 

(M+H) + = 
(M+H) + - 
10.9; N, 



344. 
5.1. 

344. 
344. 
4.1. 



Anal 



Anal 



Boc-Phe-His Amide of 2(S)-Amino-l-c yclohexyl- 
3 (R) , 4(S)-dihydroxy-6-methylheptane 

The 3(R),4(S> diastereomer of Example 57 was 
deprotected with HCl/me thanol , and the resulting product 
was coupled to Boc-Phe-His using 1-hydroxy benzo- 
triazole and 1 , 3-dicy clohexy lcarbodiimide according to 
the procedure of Example 48. The desired product was 
obtained in 40-60% yield. Mass spectrum: (M+H) ~ 628. 

Anal, calcd. for C 34 H 53 W 5 0 6 • H 2 0 : C, 
63.2; H, 8.6; N , 10.8. Found: C, 63.2; H, 8.4; N, 10.5. 

Example- 59 



Boc-Phe-His Amide of 2 (S)-Amino- 1-c yclohexyl- 
3 (S) , 4(S)~dihydroxv-6-methylheptane 

Following the procedure of Example 58, but 
replacing the 3(R),4(S) diastereomer with the 3(S),4(S) 

Mass spectrum: 



diastereomer gaue the desired compound. 
(M+H) *" m 628. 

Anal 

C, 64.1; H, 8.6; N, 
10.6. 



calcd. for C 34 H 53 N 5 0 6 n/2H 2 0 : 

11.0. Found: C, 64.0; H. 8.6; N, 
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Example 60 

Boc-Phe-His Amide of 2 (S)-Amino-l-cyclohexyl- 
3(R) i 4( R)-dihydroxy-6-methylheptane 

Following the procedure of Example 58, but 
replacing the 3(R),4(S) diastereomer with the 3(R),4(R) 
dias tereorner gave the desired compound. Mass spectrum: 
(M+H) + . 628 . 

Anal, calcd. for C^H^M.O,- -H.O: C, 
63.2; H, 8.6; N , 10.8. Found: C, 63.1; H, 8.5; N , 10.7. 

Example 6 1 

Boc-Phe-His Amide of 2 (S) -Amino-l-c yclohexy 1- 
3 (S) t 4( R)-dihydroxy-6-methylheptane 

Following the procedure of Example 58, but 
replacing the 3(R),4(S) dias tereorner with the 3(S),4(R) 
diastereomer gave the desired compound. Mass spectrum: 
(M+H) + = 628. 

Anal, calcd. f or C 34 H 5 3 W 5° 6 * 3/4H 2 ° : 
C, 63.7; H , 8.6; N, 10.9. Found: C ( 63.8; H, 8.8; N , 
10.7. 

Example 62 

A . 4(S)-t-Butyloxy car bony lamino-5-c yclohexyl- 
3(R,S)-hydroxy-l-pentene ~ 

To a stirred -78°C solution of 
Boc-cy clohexy lalanine methyl ester (10,2 g, 35.8 rnrnol) 
in dry toluene (60 ml) was added diisobu ty laluininurn 
hydride (34 ml of a 1.5 M solution in toluene). After 
30 minutes, vinyl magnesium bromide (108 ml of 1 M 
solution in THF) was added. After stirring for 15 hours 
at 0°C, the mixture was carefully quenched with 
methanol, treated with Rochelle salts (22 ml of 
saturated aqueous solution in 140 ml ^0) , and 
filtered. After extracting the solids 5 times with 
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ethyl acetate, the extracts and filtrate were combined 
and the organic phase mas washed with brine, dried, 
filtered, and evaporated to an oil (10.2 g) . 
Chromatography on silica gel eluting with hexane/ethyl 
acetate mixtures provided 6.1 g (60%) of the desired 
product . 

Anal, calcd. f or C l6 H 2g W0 3 * 1 /4H 2 0 : C, 
66.8; H, 10.3; N, 4.9. Found: C, 66.9; H, 10.2; N, 4.7. 

B. 4(S)-Cvclohexvlmethvl-5(R ,S)-vinyl-2- 

oxazolidinone 
The resultant product of Example 62A (2.80 g, 

9.88 mmol) in dry dime thy If ormamide (DMF) (50 ml) was 
added to a stirred suspension of NaH (593 mg of a 60% 
dispersion in oil, 14.8 mmol, hexane washed) in dry DMF 
(50 ml). After 3 hours, the mixture was quenched (750 
ml water + 100 ml brine) and extracted with ether (5x100 
ml). The combined organic phase was washed with brine 
(3x50 ml), dried (MgS0 4 ), filtered, and evaporated to 
an oil 2.23 g. The NMR spectrum of the crude product 
revealed an 82 :18 mixture of 5 S : 5 R dias tereomers . 
Silica gel chromatography gaue 80% recovery of pure 
dias tereomers . 5 S: 

Anal, calcd. for C 12 H 19 N0 2 : C, 68.9; H , 
9.1; N, 6.7. Found: 68.4; H, 9.2; IM , 6.5. Mass 
spectrum: (M+l) + = 210. 5 R: Mass spectrum: (M+l)^ 
=> 210. 

C. 5 ( R)-Carboxv-4(S )-cvclohexv lme thy 1-2-oxazolidi none 
To a solution of the compound from Example 62B 

(1 g, 4.78 mmol) dissolved in 16 ml of benzene and 3 ml 

of acetic acid was added a solution of 3.01 g of 

potassium permanganate in 16 ml of water, The resultant 

two-phase mixture was vigorously stirred and treated by 

portionwise addition with 153 mg of tetrabu ty larnmonium 

bromide. After stirring for 2 hours at room 

temperature, the mixture was quenched with aqueous 
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soclium bisulfite, acidified to pH=»3 , and extracted with 
ethyl acetate. Drying and euaporating gaue. the desired 
product as an oil in 59% yield. 

D. 4(S)-Cyclohexylmethyl-5(R)-C3-(3- 
hydroxypentyl)] -2-oxazolidinone 

To a solution of the compound from Example 62C 

dissolved in te trahydrof uran and cooled to -78°C was 
added 3.5 equivalents of ethyl magnesium bromide. After 
stirring at -78°C for 1.5 hours and at room temperature 
for 1 hour, the reaction mixture was quenched with water 
and extracted with ether. The dried ethereal extract was 
evaporated to afford a 73% yield of product. 

E . 2(S)-ftmino-l-cyclohexvl-3 (R)-3 , 4- 

dihydrox v-4-e thy lhexane 
A solution of the compound from Example 620 

(1.69 mmol) and barium hydroxide octahydrate (3.38 mmol) 

in dioxane (60 ml) and water (40 ml) was heated at 

reflux under l\J 2 for 21 hours. The solid barium 

carbonate was filtered and the filtrate was partially 

evaporated. The residue was diluted with water and the 

resulting solution was extracted with ether. The 

organic extract was washed with brine solution, dried 

over MgSO^, and evaporated to give the desired product 

in 76% yield. 

F . Boc-Phe-His ftmide of 2(S)-ftmino-l-cyclohexyl- 
3 ( R)-3 , 4-dihy droxy-4-ethy lhexane 
The resultant product of Example 62E was 

coupled to Boc-Phe-His using 1-hydroxy benzotriazole and 

1 , 3-dicy clohexy Icarbodiimide according to the procedure 

of Example 48 to give the desired product in 55% yield. 

E xample 63 

Boc-His Amide of 2 (S)-flmino-l-cyclohexyl- 
3 ( R) , 4(S)-dihydroxy-6-methylheptane 

The procedure of Example 58 was followed except 
Boc-Phe-His was replaced with Boc-His . Mass spectrum: 
(M) *" = 480. 
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Anal. calcd. f or C^H^N^ -3/4*^0 : 
C, 60.8; H, 9.1; N , 11.3. Found: C, 60.9; H, 9.2; N , 
11.0. 

Example 64 

TBA-CHA-His Balde of 2 (S) -ft mino-l-c vclohexy 1- 
3(8) > 4(S)-dihvdroxv-6-me thvlheptane 

The resultant compound of Example 63 was 
deprotected with HCl/methanol , and the resulting product 
uias coupled to t-bu ty lace tyl-cy clohexy lalanine (TBA- 
CHA) using the DCC/H0BT method of Example 48. 

Example 65 

Fthoxvcarhonvl-fOCH^Tvr-His Amide of 2(S)- 
flmino-l-cvclohexvl-3(m . 4(S)-d ihv/droxv-6-methylheptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with ethoxy carbonyl-(0CH3 )Tyr-His gave 
the desired compound. Mass spectrum: (M+H) = 630. 

Example 66 

Qr<* i-yl-N-methvlPhe-His Amide of 2(S)-Amino-l- 
^ yclohexvl-3f R) , 4 (S)-dihvdrox v-6-methy lhep tane 

Using the procedure of Example 64, but 
replacing TBA-CHA with acetyl-N-methylPhe gaue the 
desired compound. Mass spectrum: M - 583 . 

Example 67 

Ac-Pl-His Amide of 2(S)-A mino-l-cyclohexyl- 
3 { R ) , 4(S)-dihydroxv-6-methylheptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with O-acety l-L-3-pheny llac tic acid 
(Ac-Pl-OH) gaue the desired compound. 

Example 68 

Pl-His Amide of 2 (S) -Amino- 1- c vclohexy 1-3 ( R ), 4<S) - 
dihydroxv-6-methvlheptane 

The resultant compound of Example 67 (37.4 mg, 
0.065 mmol) in MeOH at 0°C was treated with K 2 C0 3 
(9.1 mg, 0.065 mmol) for 30 minutes at 0°C . Euaporation 
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provided a residue which was partitioned between ethyl 
acetate and water. The organic phase was washed 
(brine), dried (MgSO^) , and evaporated to give the 
desired compound (32 mg # 93%). Mass spectrum: (M+H) + 
-> 529 . 

Pinal, calcd. for C^H^M.O^ 1/2H.O: 
C, 64.8; H , 8.4; N, 10.4. Found: C, 64.6; H , 8.3; N, 
10.1. 

Example 69 

Boc - oc-Nal-His Amide of 2(S)~flmino-l-cy clohexyl- 
3 ( R) i 4(S)-dihydroxy-6-rnethyl-heptane 

Using the procedure of Example 64, but 

replacing TBA-CHA with fjoc- -naphthy lalanine ( Boc-a -l\lal) 

a + 
provided the desired compound. Mass spectrum; (M+H) 

= 678. 

Example 70 

Dba-His Amide of 2(S)-Amino-l-cyclohexyl- 
3 ( R ) , 4 (S) -dihydroxy-6-rne thy 1 heptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with 2 , 2-dibenzylace tic acid (Dba-OH) 
gave the desired compound. 

Example 71 

Pp-His Amide of 2(S) -Amino-l-cyclohexyl-3 ( R) , 4(S)- 
dihy drox y-6-meth yl heptane 

Using the procedure of Example 64, but 
replacing T8A-CHA with 3-phenyl-propionic acid (Pp-OH) 
gave the desired compound. Mass spectrum: (M+H) + = 
513. 

Anal, calcd. for C 2 9 H 44 N 4°4 1/2 H 2 0: 
C, 66.8; H , 8.7., N , 10.7. Found: C, 66.6; H , 8.8; N , 
10.5. 
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Fxample 72 

Ft-hny ycarbonvl- Phe-His Amide of 2 (S)-flmino-l- 
^ i Q nexvl-3^.4(S)-dahvd ro x V -6- etnylheptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with ethoxycarbonyl-Phe gave the 
desired product. Mass spectrum: (M+H) + - 600. 

final, calcd. for C^H^Og -1/2^0: 
C, 63.1; H, 8.3; IM , 11.5. Found: C, 62.8; H, 8.3; N, 
11.4 

Example 73 

a,--Ph*-His Am i Hp of 2(S)-Amino-l-c V clohexyl- 
3 (R) ,4(S)-dihvdroxv-6-m p^hvlheotane 

Using the procedure of Example 64, but 
replacing TBA-CHA with acetyl-Phe gaoe the desired 
product. Mass spectrum; (M+H) = 570. 

final, calcd. for C 3 ^^O,.- 1/2H,,0 : 
C. 64.3; H; 8.2; N, 12.1. Found: C, 64.2; H. 8.3; M, 
12.0. 

Example 74 

Boc-Let^His A m id* of 2 (S) -Amino-l-cy clohexyl- 
3 (R) . 4(S)-dihvdroxv-6-- methvlneptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with Boc-Leu gaue the desired 
product. Mass spectrum: (M+H) - 594. 

final, calcd. for C 3 ^^N^' 1/2H 2 0: 
C, 61.8; H , 9,4; IM, 11.6. Found: C. 61.8; H, 9.3; N. 

11.6. 

Example 75 

Thac-Phe-His Amide of 2 ( fil-Amino-l-c yclohexyl- 
3(R) ,4(S)-dihvdroxvf-6-meth vlheptane 

Using the procedure of Example 64, but 
replacing TBA-CHA with t-butyl-aminocarbonyl-Phe 
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(Tbac-Phe) gaue the desired product. Exact mass calcd 
for C 34 H 55 W 6°5 ! 627.4233. Found; 627.4226. 

Example 76 

Boc-Phe-Ala Amide of 2 (S)-Amino-l-c yclohex yl- 
3(R) , 4(S)-dihydroxy-6-met-hylheptane 

Using the procedure of 45, but replacing the 
resultant compound of Example 44 with the 3(R),4(S) 
diastereomer of Example 57 gaue the desired compound. 
Mass spectrum: (M-H) 4 " = 560. 

Anal, calcd. for c 31 H 5 l N 3 ° 6 : C, 66.3; 
H, 9.1; N, 7.5. Found: C, 66.0; H , 9.2; N , 7.3. 

Example 77 

Boc-Phe-Phe Amide of 2 (S)-Amino-l-cy clohex vl- 
3 ( R) , 4 (S)-dihvdr ox y-6-methyl heptan e 

Using the procedure of Example 76, but 
replacing Boc-Phe-Ala with Boc-Phe-Phe, gaue the desired 
product. Mass spectrum: (M+-H)* = 638. 

Anal, calcd. f or C 3 7 ^ b ^^° 6 • C. 69.7; 
H, 8.7; N, 6.6. Found C, 69.4; H, 8.8; N, 6.5 

Example 78 

Boc-Phe-PAla Amide of 2(S)-Amino-l-cyclohexvl- 
3 (R) t 4(S)-dihydroxy-6-fnethylheptane 

Using the procedure of Example 76, but 
replacing Boc-Phe-Ala with Boc-Phe-(3-pyrazoyl)alanine 
(Boc-Phe-PAla) . gaue the desired compound. Mass 
spectrum: (M+H)* = 628. 

Anal, calcd. forC - i i\ H ^^ 0 ^ l/2H 2 0: 
C, 64.1; H, 8.5; N, 11.0. Found: C, 64.1; H, 8.3; W, 
11.2. 

Example 79 

Ethoxycarbony 1-Phe-Leu Amide of 2(S)-Amino- 
l-cyclohexv l-3 (R) t 4(S)-dihvdroxv-6-methvlheptane 

Using the procedure of Example 76, but 
replacing Boc-Phe-Ala with Boc-Phe-Leu, gaue the desired 
compound. Mass spectrum: (M+H) + « 576. 
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Anal, calcd. for C^H^IM^: C, 66.7; 
H, 9.3; N, 7.3. Found: C ( 66.4; H, 9.5; N, 7.2. 

Example 80 

Boc-Phe-(SC Hi )Cys Amide of 2(S)-Amino-l-c yclohexyl- 
3 ( R) , 4(S)~dihydroxy-6-methylheptane 

Using the procedure of Example 76, but 
replacing Boc-Phe-Ala with Boc-Phe-(SCH )Cy s , gave the 
desired compound. Mass spectrum: (M+H) =* 608. 

Anal, calcd. for C 32 H 53 N 3°6 S: C ' 62 8 ; 
H . 8.8; N , 6.9. Found; C, 62.8; H , 8.9; N, 6.6. 

Example 81 

Ts-(N Me, N ];(ut Bn)-His Amide of 2 (S)-Amino- 1- 
c vclohexvl-3 (R) , 4(S)-dihydroxy-6-methylheptane 

Using the procedure of Example 63, but 
replacing Boc-His with Ts-(N Me , N IM Bn)-His (DuUigneau, 
U.; Behrens, O.K. J. Biol. Chem . 1937, JA7, 27), gaue 
the desired compound. Mass spectrum: (M+H)* =* 639. 

Example 82 

Ethoxycarbonyl-Phe-MeHis Amide of 2(S) -Amino-l- 
c yclohex yl-3 ( R ) , 4(S)-dihydroxv~6-methy lheptane 

To a stirred -78°C solution of the resultant 
compound of Example 81 (100 mg , 0.156 mmol) in liquid 
NH 3 (5 ml) and dry tetrahydrof uran (5 ml) was added 
sodium until a dark green/brown color persisted for 5 
minutes. Solid, powdered NH 4 C1 was then added, and 
the mixture was evaporated. The residue was suspended 
in water and extracted several times with chloroform. 
The combined extracts were dried (Na^O^), filtered, 
and evaporated to give the MeHis amide of 
2(S)-amino-l-cy clohexy 1-3 ( R) , 4(S)-dihydroxy- 
6-methylheptane . The material was coupled to 
ethoxycarbonyl-Phe using to DCC/H0BT method described in 
Example 48 to give the desired product. Mass spectrum: 
(W+H) + =» 614. 
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Example 83 

2 (S)-t-But ylox y carbon ylami no- 1-c y clohexvl- 
7-r^ethvloct-3-ene 

Using the procedure of Example 56, but 
replacing isopenty 1 tripheny Iphosphonium bromide with 
isohexyltripheny Iphos phonium bromide, gave the desired 
product. 

Example 84 

2 (S) -t-Bu t ylox year bony lamino-l-c yc lo hex y 1- 
3(R) , 4(S)-dihydroxy-7-methyloctane 

Using the procedure of Example 57, but 
replacing the resultant compound of Example 56 with the 
resultant compound of Example 83, gave the desired 
compound. 

Example 85 

Boc-His Amide of 2 (S)-Amino-l-cyclohexyl~ 
3 (R) , 4(S)-dihydroxy-7-methyloctane 

Using the procedure of Example 63, but 
replacing the 3(R),4(S) diastereomer of Example 57 with 
the resultant compound of Example 84, gaue the desired 
product. Mass spectrum: (M+H) + = 495. 

Anal, calcd. for C 2 6 H 46 INi 4°5" 1 /2H 2° : 
C, 62.0; H, 9.4; N, 11.1. Found: C, 62.2; H, 9.4; N, 

10.9. 

Example 86 

TBA-Phe-His Amide of 2 (S)-Amino-l -cy clohexy 1- 
3 (R) , 4(S)-dihydroxv-7-methyloctane 

Using the procedure of Example 58, but 
replacing the resultant compound of Example 57, and 
Boc-Phe-His with the resultant compound of Example 85 
and t-buty lacetyl ( TBA)-Phe gaue the desired compound. 
Mass spectrum: (M+K) ¥ = 640. 
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ftnal. calcd. for C^H^Q^ 3/4H 2 0: 
C. 66.2; H , 9.0; IM, 10.7. Found: C, 66.1; H, 9.1; N, 



10.6 



? /S ^fc-Butvln v vcapbonv i ^""-l-cvclohexvl-5- 
methvlhex-l-ene 

Using bhe procedure of Example 56, but 
replacing isopenty Itripheny Iphosphonium bromide with 
isobutyltriphenylphosphonium bromide, gaue the desired 

product. Mass spectrum: M = 295. 

Anal, calcd. for C 18 H 3 3 N0 2 -1 /4H.,0 : C 
72.0; H , 11.3; N. 4.7. Found: 71.7; H. 11.1; N. 4.5. 

Example 8 8 

o fC> _4--R,,<- vl 0 xycarbo nylatiiino-l-cvclohexyl- 
~ W uRK4 (S)" -H-ihudroxv-b -^t-hv/lhexanl^ 

Using the procedure of Example 57, but 
replacing the resultant compound of Example 56 with the 
resultant compound of Example 87. gaue the desired 
compound . 

Fxamole 89 

tw-P hP-His ftmide of 2(S)-ftm1no-1- cvclohexvl- 
Hoc rn £^ [A<R ) _ dlhwdp y y v r .«i- m ethvlhexane 

Using the procedure of Example 58, but 
replacing the resultant product of Example 57 with the 
resultant product of Example 88, gaue the desired 
product. Mass spectrum: (M+H) + = 614. 

Fxaniple 90 

Fvh ^,.,^-^hnn V l-Phe-Leu Qmide of ?(S)-flmino-l- 

Following the procedures used to make the 
resultant compound of Example 79. but replacing 
isopentyltriphenylphosphonium bromide with propyl- 
triphenylphosphonium bromide, gaue the desired product. 
Mass spectrum: M =» 547. 
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final, calccl. for c 3 o H 49 N 3 0 6" 1/4H 2 0: 
C, 65.2; H, 9.0; N , 7.6. Found: C, 65.0; H, 8.9; N, 7.3. 

Example 91 

Ethox y carbony 1-Phe-Leu Amide of" 2 (S) -Amino- 1- 
cyclohexyl-3(R), 4(S)-dihydroxy-5-phenylpentane 

FolloiAiing the procedures used to make the 
resultant compound of Example 79, but replacing 
isopentyltriphenylphosphonium bromide with pheneth - 
yltriphenylphosphoniurn bromide, gave the desired product. 

Example 92 

Boc-Phe-His Amide of 2 (S)-Amino-l-cy clohexy 1- 
3(R) , 4(S) -dihydroxy pentane 

Following the procedures used to make the 
resultant compound of Example 58, but replacing 
isopentyltriphenylphosphonium bromide with ethyltri- 
pheny lphosphonium bromide, gave the desired product. 
Mass spectrum: (M+H) = 600. 

Anal, calcd. for c 32 H 49 N S°6 m i/4H 2 0; 
C, 63.6; H, 8.3; N, 11.6. Found: C, 63.6; H, 8.3; N, 
11.5. 

Example 93 

2 (5) -t-8uty loxy carbon ylamino-l-cy clohexy 1- 
3 (S)-hydroxyhex-5-ene 

To a stirred -78°C solution of 
Boc-cy clohexylalanine methyl ester (35.0 g, 123 mmol) in 
anhydrous toluene (200 ml) was added diisobu tylaluminum 
hydride (140 M%, 1.5 M solution in toluene, 117 ml) at a 
rate to keep the internal temperature below -60°C . 
After stirring for an additional 20 minutes at -78°C, 
allyl magnesium chloride (184 ml of a 2.0 M solution in 
THF) was added. The mixture was allowed to stand at 0°C 
for 16 hours and was then quenched with methanol. The 
mixture was diluted with ether and then washed 
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sequentially with citric acid (aq) and brine. Drying 
(MgSO^) and evaporating provided an oil which was 
purified by silica gel chromatography to give the 
desired compound in 40% yield. 

Example 94 

2 (S) -t-Butyloxy car bony lamino-1 -eye lohexyl- 
3 ( R ) ,4(S)-dihydroxvhex-5-ene 

An allylic oxidation using s toiciometric SeC> 2 
and t-butyl hydroperoxide (Umbriet, M.A. and Sharpless, 
K.B. J. Am. Chem. Soc . 1977 , 99, 5526) was performed on 
the resultant product of Example 93 to give the desired 
product after silica gel chromatography. 

Example 95 

Ethoxycarbonyl-Phe-His Amide of 2(S)- Amino-l- 
cvclohexvl-3(R) , 4(S)-dihyd roxv-hex-5-ene 

Following the procedure of Example 58, but 
replacing the resultant product of Example 57 and 
Boc-Phe-His with the resultant product of Example 94 and 
etboxycarbonyl-Phe-His , gave the desired product. 

Example 96 

2(S)-Butyloxycarbonylamino-l-cvcloh exvl-6- 
methvlhept-3-ene 

To a stirred -78°C solution of 
Boc-cyclohexylalanine methyl ester (40 g, 140 mmol) in 
anhydrous toluene (250 ml) was added diisobu ty laluminum 
hydride (130 M%, 1.5 M solution in toluene, 121.4 ml) at 
a rate to keep the internal temperature below -60°C 
After stirring for an additional 20 minutes at -78°C, 
the aldehyde solution is used immediately as described 
below . 

To a potassium hydride (35% dispersion in oil, 
32.09 g) suspension in a 0°C mixture of anhydrous 
tetrahydrofuran/dimethyl sulfoxide (THF/DMSO) (1000 



BNSDOCID- <EP 01 89203 A2_l_> 




- 42 - 0189203 

ml/200 ml) under dry N 2 was added 

I, 1,1,3,3, 3-hexamethyldisilazane (209 M%, 49.07 g) 
dropwise. After stirring at 0°C for 1 hour, the 
resulting solution was added via cannula to a 0°C flask 
containing isopen ty 1 tripheny Iphos phonium bromide (209 
M%, 125.66 g) . The mixture was stirred vigorously for 1 
hour at which time it was cooled to -78°C. The -78°C 
aldehyde solution prepared above was then added uia 
cannula. After stirring at -78°C for 15 minutes, the 
mixture was allowed to slowly warm to room temperature 
and then heated to 40°C for 12 hours . The mixture was 
then cooled to room temperature and quenched with 
methanol (7.65 ml) followed by aqueous Rochelle salts 
(100 ml saturated solution and 500 ml H 2 0) . The 
mixture was then extracted with ethyl acetate (2x) . The 
combined extracts were washed with water and brine. 
Drying (MgSO^) and evaporating provided crude alkene 
which was chromatographed on silica gel ( ether /hexane) 
to give 16.5 (38%) of the desired compound as an 85:15 
mixture of cis:trans isomers. Mp = 53-55°C. Mass 
spectrum: = 309. 

Anal, calcd. for C ig H 35 N0 2 : C, 73,7; H , 

II. 4; N, 4.5. Found: C, 73.8; H , 11.4; N, 4.5. 

Example 97 

2 (S)-t-Bu tvloxyc ar bony lami no- 1-c y clohex yl- 
3 , 4-dihydrox y-6-methy 1 heptane : The 3(R)4(S), 
3(S)4(S), 3(R)4(R), and 3(S)4(R) Dias tereomer s 

To a solution of the resultant compound of 
Example 96 (8.50, 27.5 rnmol) in dry THF (150 ml) were 
added OsO^ (2.8 ml of a 2.5% solution in t-butanol) 
and N-methylmorpholine IM-oxide (9.28 g, 68.7 mrnol). 
After 4 days the mixture was partitioned between ether 
(200 ml) and brine (100 ml). The aqueous layer was 
back-extracted with ether (2 x 100 ml), and the combined 
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organic phase was washed with 10% Na 2 S0 3 , 0.1 M 
H 3 P0 4' and brine * Drying (MgSO^) and evaporating 
provided a residue (10.81 g) which was chromatographed 
on silica gel to elute a 60% yield of the 4 diols in the 
following order. 

3(R) , 4(S) Mass spectrum: (M*-H) + = 344. final. 

calcd. for ^ 19 H 37 W0 4 : c > 66 4 ^ H - 109; N - 4 ' 1 " 
Found: C, 66.4; H, 10.8; N , 3.9. 

3(S) ,4(S) Mass spectrum: (M+H) + = 344. 
final, calcd. for C 19 H 37 N0 4 : C, 66.4; H , 10.9; N. 
4.1. Found: C, 66.4; H , 11.1; N, 4.0. 

3 ( R) , 4(R) Mass spectrum: (M+H)* = 344. 

3 (S) . 4(R) Mass spectrum: (M+H) + - 344. 
final, calcd. for C^H^NO^: C, 66.4; H, 10.9; N , 
4.1. Found: C, 66.0; H , 10.7; N, 4.0. 

Example 98 

Boc-His Amide of 2 (S)-fimino-l-cvclohexvl- 
3 ( R ) t 4(S) -di hydro xy-6 -methyl heptane 

The 3(R),4(S) diastereomer of Example 97 (1.26 
g, 3.67 mmol) was treated with 2.3 M HC1/CH 3 0H (32 ml, 
anhydrous) for 16 hours at which time evaporation and 
vacuum drying provided the corresponding amine 
hydrochloride (1.01 g, 98%). 

To a stirred -20°C solution of the above salt 
(0.60 g, 2.1 mmol), Boc-His (0 . 548 g), 
1-hydroxybenzotriazole (HOST, 0.43 g), and 
N-methylmorpholine (0.239 g) was added 
1 , 3-dicyclohexylcarbodiimide (DCC, 0.442 g) . The 
mixture was warmed to room temperature over 3 hours and 
then stirred for an additional 18 hours. The mixture 
was diluted with ethyl acetate and washed with saturated 
aq. NaHC0 3 and brine. Drying and evaporating provided 
a solid which was recrys tallized to give the desired 
compound (0.51 q, 50%, 2 crops). Mass spectrum: M =* 
480. 
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Anal, calcd. f or C 2 5 H 44 N 4°5 -3 /4H 2 0 : 
C, 60.8; H, 9.1; N, 11.3. Found: C, 60.9; H, 9.2; !\) , 
11 .0. 

Example 99 

2-£thoxy car bony laminoindan-2-c ar box y lie Acid 

(EtOC-AICA) 

To a shirred ref luxing mixture of 
2-aminoindan~2-carboxy lie acid (1.90 g, 10.7 mmol, 
Pinder, R.M.; Butcher, B.H.; Buxton, D.A.; and Howells, 
O.J. Med. Chem. 1971 , 14, 892) in ethyl acetate (200 

ml) was added ethyl chlorof orma te (1.16 q, 10.7 mmol). 
After 15 hours, the mixture was cooled, filtered, 
evaporated, and uacuum dried to giue 1.17 g (44%) of a 
white solid. 

Example 100 

EtOC-AICA-His Amide of 2 (S) -Amino-l-cy clohexy 1- 
3 (R) , 4 (S)-dihydroxy-6-methyl heptane 

The resultant compound of Example 98 (50 mg, 
0.104 mmol) was deprotected with 2.2 M HC1/CH 3 0H (6 
ml, anhydrous). Euaporation after 6 hours provided the 
corresponding amine dihydrochloride . 

To a stirred -12°C solution of the resultant 
compound of Example 99 (25.9 mg , 0.104 mmol, 
EtOC-AICA-OH) and N-me thy lmorpholine (10.5 mg) in dry 
THF was added isobu ty lchlorof orma te (14.4 mg). After 3 
minutes, the aboue salt and N-methy lmorpholine (21 mg) 
in dry DMF was added. The mixture was warmed to room 
temperature for 3 hours, diluted with ethyl acetate and 
washed sequentially with brine, saturated, aq. NaHCO^, 
and brine. Orying and evaporating prouided a residue 
which was chromatographed on silica gel eluting with 
dichloromethane/me thanol mixtures to giue 30 mg (48%) of 
the desired compound. Mass spectrum: (M+H) + « 612. 
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Example 101 

N--Carboxv~2-aniinoindan-2-carboxylic Acid Anhydride 

The resultant compound of Example 99 (500 mg, 
2.00 mrnol) was dissolved in thionyl chloride (3 ml). 
Evaporation after 17 hours provided a solid which was 
recrys tallized from ethyl ace tate/hexane to give 239 mg 
(59%) of the desired product. 

Example 102 

AICA-His Amide of 2 (S) -Amino-l-c vclohex vl- 
3 (R) t 4(S)-dihvdroxv-6-methylheptane 

To a stirred 0°C solution oF the amine 
dihydrochloride prepared in Example 100 (0.104 mmol) and 
triethylamine (21.0 mg) in dry DMF (5 ml) was added a 
solution of the resultant compound of Example 101 (21.1 
mg, 0.104 mmol) in DMF (0.5 ml). After 16 hours, the 
mixture was diluted with saturated, aq . NaH(X> 3 (10 ml) 
and extracted with ethyl acetate several times. The 
combined organic phase was washed (brine), dried 
(Na 2 S0 4 ), filtered, and evaporated to a solid which 
was purified by silica gel chromatography 
(dichloromethane/methanol) to give 28 mg (50%) of the 
desired compound. Mass spectrum: (M+H) = 540. 

Anal, calcd. for C 30 H 46 N 5 <V. C, 66.8; 
H, 8.4; N, 13.0. Found: C, 67.1; H, 8.5; N, 13.0. 

Example 103 

2 ( R S) -Amino- 1,2,3,4, -tetrahydronaohthalene- 
2-carboxvlic Acid. (R,S-ATCA) 

A stirred suspension of 7 , 8-benzo-l , 3- 
diazaspiroC4 . 5] decane-2 , 4-dione (1.73 g, 8.00 mmol) and 
Ba(0H) 2 *8" H 2 0 in water (12 ml) was heated in a 
sealed tube at 190°C for 2 hours. The suspension was 
then filtered while warm. The solids were washed with 
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water, and the combined aqueous phase was treated with 
ammonium carbonate. Filtration, evaporation, 
re-solution, and lyopholization provided 0.44- g (29%) of 
the corresponding amino acid. Mass spectrum: (M+H) + = 
192. 

Example 104 

2 ( R , S) -Ethox year bony lamino-1 ,2,3,4- 
tetrahydronaphthalene-2-carboxylic Acid 
(EtQC-(R,S)-ATCA) 

To a stirred 0°C solution of the resultant 
compound of Example 103 (250 mg , 1.31 mmol) in 1 M 
NaOH/1 M NaHC0 3 (1.31 ml/2.62 ml) was added 
ethoxy carbony 1- 0-hydroxy succinimide ester (245 mg , 1.31 
mmol) in dioxane (2.6 ml). After 22 hours, the mixture k 
was acidified (2 M HC1) and extracted (ethyl acetate, 3 
x 10 ml) . The combined organic phase was washed (water 
3x, brine 2x) , dried (MaS0 4 ) , filtered, and evaporated 
to a residue which was chroma tographed on silica gel 
(dichlorome thane , methanol) to give 183 mg (53%) of the 
desired compound. Mass spectrum: M + ^ 263. 

Anal, calcd. for C 1 4 H 17 N0 4 : c - 63.8; H, 
6.5; M, 5.3. Found: C, 63.4; H, 6.4., N , 5.5. 

Example 105 

EtQC-(R, S)~ATCA-His Amide of 2 (S) -Amino-l-cvclohexvl- 
3 (R) , 4 ( S) -dihy dr ox y-6 -methyl h e ptane 

Following the procedure of Example 100, but 
replacing the resultant product of Example 99 with the 
resultant product of Example 104, gave the desired 
product. Mass spectrum: (M+H) « 626. 

Example 106 

(R, S) -ATCA-His Amide of 2(S) -Amino-l-c yclohexy 1- 
3 (R) , 4(S)-dihydroxy-6-methylheptane 

Using the procedure of Example 101, but 
replacing the resultant product of Example 99 with the 
resultant product of Example 104, gave the corresponding 
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anhydride derivative. Following the procedure of 
Example 102, but replacing the anhydride derivative of 
Example 101 with the above anhydride derivative, gave 
the desired product. 

E xample 107 

2-Ethox year bony 1-1 .2.3. 4-te trahv dro-3 ( R , S) - 
isoauinolinecarboxvlic Acid (EtOC-TIC) 

Following the procedure of Example 104, but 
replacing the resultant compound of Example 103 with 
1,2,3. 4-tetrahydro-3-(R,S)-isoquinolinecarboxylic acid 
hydrochloride, gave the desired product. 

Example 108 

FtOC-TIC-His Amide of 2 (S)- Amino-l-cyclohexyl- 
3 (R) . 4(S)-dihvdroxv-6-meth vlheptane 

Following the procedure of Example 100, but 
replacing the resultant compound of Example 99 with the 
resultant compound of Example 107, gave the desired 
product. Mass spectrum: (M+H) = 612. 

Example 109 

1-Oxo-l .2. 3 .4-tet rahvdro-3<R,S)- 
isoauinolinecarboxvlic Aci d (OTIC-OH) 

To a solution of sodio diethyl 
acetamidomalonate (0.046 mol) in ethanol (125 ml) was 
added o-cyanobenzy 1 bromide (9 g, 0.046 mol) all at 
once. The reaction was stirred overnight at room 
temperature and then distributed between ether and 
aqueous NaCl . Drying and evaporating gave a solid 
product. ft 1.5 g sample of this material was heated at 
reflux for 3 hours with 25 ml of 48% HBr. After 
cooling, the mixture was diluted with aqueous NaCl and 
was extracted with ethyl acetate. The organic extract 
was washed, dried, and evaporated to glue 250 mg of 
product, mp 235-238°C. Anal, calcd. for C 10 H g N0 3 : 
C. 62.82; H, 4.74; N, 7.33. Found: C, 61.69; H, 4.78; 
N, 7.11. 
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Example 110 

OTIC-His Amide of 2 (S)-Amino-l-c yclohexyl- 
3 ( R) , 4( S)-dihydr ox y-6-methyl heptane 

Following the procedure of Example 100, but 
replacing the resultant compound oF Example 99 with the 
resultant compound of Example 109, gave the desired 
compound. Mass spectrum: (M+H) 4 " = 554. 

Anal, calcd. for C 3Q H N 0 5 - 1 /2H 2 0 : 
C, 64.0; H, 7.9; N, 12.4. Found: C, 63.7; H , 8.4; N, 
11.8. 

Example 111 

2 (S) -E thox year bony lamino-2-me thy 1-3 -phenyl propionic 

Acid (EtOC-AMPA-OH) 

Following the procedure of Example 104, but 
replacing the resultant compound of Example 103 with 
2 (S) -ami no-2-me thy 1-3 -phenyl prop ionic acid, gave the 
desired compound. Mass spectrum: M + = 251. 

Example 112 

AMPA-His Amide of 2(S)-Amino-l-cyclohexyl- 
3 (R) , 4 (S)-dihydr oxy-6-methyl heptane 

Using the procedure of Example 101, but 
replacing the resultant product of Example 99 with the 
resultant product of Example 111, gaue the corresponding 
anhydride derivative. Following the procedure of 
Example 102, but replacing the anhydride derivative of 
Example 101 with the above anhydride derivative, gave 
the desired product. Mass spectrum: (M+H) + 541. 

Example 113 

4(S)-8enzyl-2, 4-dimethy loxazol-5-one 

2 (S)-Acetylamino-2-methyl-3-propionic acid 
(0.68 g) was refluxed in acetic anhydride (5 ml) for 5 
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hours. Evaporation under high vacuum gave the desired 
product in quantitative yield which was used in the next 
step without further purification. 

Example 114 

Acetyl-AMPA-His Amide of 2 (S) -Amino- 1-cyclohex yl- 
3 ( R) , 4(S)-dihydroxv-6-Tnethvlheptane 

Following the procedure of Example 102, but 

replacing the resultant compound of Example 101 with the 

resultant compound of Example 113, gaue the desired 
product. Mass spectrum: (M+H) -= 584. 

Example 115 

N-Carboxy-2-amino-2, 2-dibenzy lacetic Acid Anhydride 

Following the procedure of Example 101, but 
replacing the resultant compound of Example 99 with 
2-benzyloxycarbonylamino-2, 2-dibenzy lace tic acid 
(Cbz~AD8A-0H) , gaue the desired compound. Mass 
spectrum: M + 281. 

Example 116 

ADBA-His Amide of 2 (S) -Amino-l-c vclohexy 1- 
3 (R) ,4(S)-dihvdroxy-6-methylheptane 

Using the procedure of Example 101, but 
replacing the resultant product of Example 99 with the 
resultant product of Example 115, gave the corresponding 
anhydride derivative. Following the procedure of 
Example 102, but replacing the anhydride derivative of 
Example 101 with the above anhydride derivative, gave 
the desired product. 

The compounds of the present invention can be 
used in the form of salts derived from inorganic or 
organic acids. These salts include but are not limited 
to the following: acetate, adipate, alginate, 
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aspartate, benzoate, benzenesulfonate, bisulfate, 
butyrate, citrate, camphorate, camphorsulf onate , 
cyclopentane propionate, digluconate, dodecylsulfate, 
ethane sulfonate , f umarate , glucohep tanoate , 
glycerophosphate , hemisulf ate , heptona te , hexanoa te , 
hydrochloride, hy drobromide , hydroiodide, 

2- hydroxy-e thane sulfonate , lactate , rnaleate, 

me thane sulfonate , 2-naphthalenesulf onate , nicotinate, 
oxalate, pamoate, pectinate, persulfate, 

3- phenylpropionate, pi crate, pivalate , propionate , 
succinate, tartrate, thiocyanate, tosylate, and 
undecanoate. Also, the basic nitrogen-containing groups 
can be quaternized with such agents as loweralkyl 
halides, such as methyl, ethyl, propyl, and butyl 
chloride, bromides, and iodides; dialkyl sulfates like 
dimethyl, diethyl, dibutyl. , and diamyl sulfates, long 
chain halides such as decyl, lauryl, myristyl and 
stearyl chlorides, bromides and iodides, aralkyl halides 
like benzyl and phenethyl bromides, and others. Water 
or oil-soluble or dispersible products are thereby 
obtained. 

The novel compounds of the present invention 
possess an excellent degree of activity and specificity 
in treating renin-as socia ted hypertension in a host. The 
ability of the compounds of the invention to inhibit 
human renal renin can be demonstrated in vitro by 
reacting a selected compound at varied concentrations 
with human renal renin, free from acid proteolytic 
activity, and with human renin substrate 

(angiotensinogen) at 37°C and pH 6.0. fit the end of the 

incubation, the amount of angiotensin I formed is 

measured by radioimmunoassay and the molar concentration 

required to cause 50%; inhibition, expressed as the 

IC^q, is calculated. When tested in accordance with 

the foregoing procedure, the compounds of the invention 

-5 -10 

demonstrated ICe n ' s in the range of 10 to 10 
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Total daily dose administered to a host in 
single or divided doses may be in amounts, for example, 
from 0.001 to 10 mg/kg body weight daily and more 
usually 0.01 to 1 mg . Dosage unit compositions may 
contain such amounts of submultiples thereof to make up 
the daily dose. 

The amount of active ingredient that may be 
combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated 
and the particular mode of administration. 

It will be understood, however, that the 
specific dose level for any particular patient will 
depend upon a variety of factors including the activity 
of the specific compound employed, the age, body weight, 
general health, sex, diet, time of administration, route 
of administration, rate of excretion, drug combination, 
and the severity of the particular disease undergoing 
therapy . 

The compounds of the present invention may be 
administered orally, paren terally , by inhalation spray, 
rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutical^ 
acceptable carriers, adjuvants, and vehicles as 
desired. The term parenteral as used herein includes 
subcutaneous injections, intravenous, intramuscular, 
intrasternal injection, or infusion techniques. 

Injectable preparation, for example, sterile 
injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 
sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for example, 
as a solution in 1 , 3-bu tanediol . Among the acceptable 
vehicles and solvents that may be employed are water, 
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Ringer s solution, and isotonic sodium chloride 
solution. In addition, sterile/ fixed oils are 
conventionally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be 
employed including synthetic mono- or digly cerides . In 
addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

Suppositories for rectal administration of the 
drug can be prepared by mixing the drug with a suitable 
nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
temperatures but liquid at the rectal temperature and 
will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may 
include capsules, tablets, pills, powders, and 
granules. In such solid dosage forms, the active 
compound may be admixed with at least one inert diluent 
such as- sucrose lactose or starch. Such dosage forms may 
also comprise, as is normal practice, additional 
substances other than inert diluents, e.g., lubricating 
agents such as magnesium stearate. In the case of 
capsules, tablets, and pills, the dosage forms may also 
comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may 
include pharmaceu tically acceptable emulsions, 
solutions, suspensions, syrups, and elixirs containing 
inert diluents commonly used in the art, such as water. 
Such compositions may also comprise adjuvants, such as 
wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

The foregoing is merely illustrative of the 
invention and is not intended to limit the invention to 
the disclosed compounds. Variations and changes which 
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are obuious to one skilled in the art are intended to be 
within the scope and nature of the invention which are 
defined in the appended claims. 
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CLAIMS 



1 . 



A renin inhibiting compound of the formula 



R 



10^ ' 




OH 



wherein R 



10 



is 




.CO 



A is hydrogen or an f\J~pro tec ting group; w is O or 1 ; 8 
is hydrogen, hydroxy, IMH , N-alkyl, loweralkyl or 
arylalkyl; with the prouiso that when w is 1, 8 is NH 
and when w is O, B is hydrogen, hydroxy, loweralkyl or 
arylalkyl; R 1 is loweralkyl or lipophilic or aromatic 
or hydrophilic amino acid side chains; m is 1-3; n is 
1-3; p is 1-3; q is 1-3; s is 1-3; t is 0-2; R 2 is 
hydrogen or loweralkyl; R^ and are independently 
selected from loweralkyl, lipophilic or aromatic amino 
acid side chains; R^ and R 7 are independently 

selected from hydrogen or loweralkyl; and R,. is 

6 _ 

hydrogen, loweralkyl, vinyl, arylalkyl or ru % 



wherein R 8 is hydrogen or loweralkyl, X is 0, NH or S 
and R g is hydrogen, loweralkyl or alkanoyl or XR g 
together can be loweralky Isulf onyl , N 3 or CI. and 
pharmaceutical^ acceptable salts thereof. 
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2. The renin inhibiting compounds of Claim 1 



wherein Rj Q is 




1j is hydrogen; and R g is — <?H 



*8 



3. The renin inhibiting compound of Claim 2 
wherein ui is 1 ; Bis NH. Rj is benzyl, 4-methoxybenzy 1 
or isobutyl; R 2 is hydrogen; R 3 is loweralkyl. 
(4-imidazoyl)methyl or (3-pyrazoyl)methyl ; R 4 is 
loweralkyl or cycloalkylmethy 1 ; and R & is hydrogen. 

4. The renin inhibiting compounds of Claim 1 



wherein R 1Q is 



(A)t*-B- 




and R 6 is hydrogen, loweralkyl, uinyl or arylalkyl. 

5. The renin inhibiting compounds of Claim 4 
wherein A is t-butyloxy carbonyl . t-butylacetyl or 
ethoxycarbonyl; w is 1; B is NH; R i is benzyl, 
cyclohexylmethyl, (4-methox) ybenzyl , ( l-naphthyl)methyl 
or isobutyl; R 2 is hydrogen or methyl; R 3 is methyl, 
(4-imidazoyl)methyl, benzyl, < 3-pyrazoyl)methyl , 
(methylmercapto)methyl or isobutyl; R 4 is isobutyl or 
cyclohexylmethyl; R 5 is hydrogen or isopentyl; R g is 
hydrogen, loweralkyl, vinyl or benzyl; and R ? is 
hydrogen or ethyl. 

6. The renin inhibiting compounds of Claim 5 
wherein ft is ethoxycarbonyl; Rj is (4-methoxy)benzyl; 
R 2 is hydrogen; R 3 is (4-imidazoy Dmethy 1 ; R 4 is 
cyclohexylmethyl; R & and R ? are hydrogen; and R g 

is isobutyl. 
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7. The renin inhibiting compounds of Claim 5 
wherein A is e thoxy carbony 1 ; R ^ is benzyl; R^* R 5 

and R ? are hydrogen; R 3 is (4-imidazoy 1) me thy 1 ; R 4 
is cyclohexy linethyl ; and R^ is isobutyl. 

8. The renin inhibiting compounds of Claim 5 
wherein A is e thoxy carbony 1 ; R 1 is benzyl; R 2 , R^ 

and R 7 are hydrogen; R 3 and R g are isobutyl and 
R^ is cyclohexy Irne thy 1 . 

9. The renin inhibiting compounds of Claim 1 
wherein ^ \q is 



-co * Rr 



R 4 is cj :lohexylmethyl ; R^ and R ? are hydrogen; 
and Rg is loweralkyl. 

10. The renin inhabiting compound of Claim 9 

wherein R.^ is 

10 A-NH^^co 

(CHi)m (CHjn 

A is ethoxycarbonyl ; n is 1; and rn is 2. 

11. The renin inhibiting compound of Claim 9 
wherein Rj Q is 

^ A-NH^^CO 



A is hydrogen; and Rj is methyl. 

12. A pharmaceutical composition for treating 
renin-associated hypertension, comprising a 
pharmaceutical carrier and a therapeutically effectiue 
amount of the compound of Claim I. 
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13. A method of treating hypertension 
comprising administering to a host in need of su 
treatment a therapeutically effective amount of 
compound of Claim 1 . 



BNSOOCID: <EP 01 89203A2J_» 





Europaisches Patentamt 

European Patent Office © Publication number: 0 189 203 

Office europeen des brevets A3 



© EUROPEAN PATENT APPLICATION 

© Application number: 86100917.3 © Int. CI. 3 : C 07 K 5/06 

~ C 07 D 233/64, A 61 K 37/64 

(22) Date of filing: 23.01.86 



© Priority: 23.01.85 US 693951 
16.01.86 US 818715 
16.01.86 US 618734 
16.01.86 US 818714 

© Date of publication of application: 
30.07.86 Bulletin 86/31 

® Date of deferred publication of search report: 23.08.89 

© Designated Contracting States: 

AT BE CH DE FR GB IT LI LU NL SE 



© Applicant: ABBOTT LABORATORIES 
14th Street and Sheridan Road North St 
North Chicago Illinois 60064(US) 

© Inventor: Luly, Jay Richard 
1021 Mayfair 
Libertyvilie,IL(US) 



© Inventor: Plattner, John Jacob 
1120 Garfield Avenue 
LibertyvilleJL(US) 

© Inventor: Rosenberg, Saul Howard 
15CrestviewNo. 18 
Vernon Hills, IL(US) 

@ Inventor: Fung, Anthony K.L. 
4239 Continental 
WaukeganJL(US) 

© Representative: Modiano,Guido et al, 

MOD1ANO, JOSIF, PISANTY & STAUB Modiano & 
Associati Baaderstrasse3 
D-8000Munchen5(DE) 



© Pepttdylaminodiols. 

© The invention relates to renin inhibiting compounds of 
the formula: 




hydrogen or loweralkyl; R 3 and R 4 are independently selected 
from loweralkyl, lipophilic or aromatic amino acid side 
chains; R 5 and R 7 are independently selected from hydrogen 
or loweralkyl; and R 6 is hydrogen, loweralkyl, vinyl, arylalkyl 
or wherein R 8 is hydrogen or loweralkyl, X is 0, NH or S and R 9 
is hydrogen, loweralkyl or alkanoyl or XR 9 together can be 
loweralkylsulfonyl, N 3 or CI. 



< 

CO 

o 

CM 

O) 
00 



LU 



wherein R no is 



I 




•6: 



(CHJ, 




A is hydrogen or an N-protecting group; w is 0 or 1; B is 
hydrogen, hydroxy, NH, N-alkyl, loweralkyl or arylalkyl; with 
the proviso that when w is 1, B is NH and when w is 0, B is 
hydrogen, hydroxy, loweralkyl or arylalkyl; Ri is loweralkyl or 
lipophilic or aromatic or hydrophilic amino acid side chains; 
m is 1-3; n is 1-3; p is 1-3; q is 1-3; s is 1-3; t is 0-2; R 2 is 
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